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inidine Gluconate 5 gr. 


effectively maintained normal sinus rhythm in almost all 
cases. 


q. 12 h. dosage usually sufficed to maintain adequate serum 
levels. 


no night dosage needed —a single late evening dose avoided 
recurrence of fibrillation. 


from 8 to 12 hours after administration, ‘‘definitely higher’ 
serum quinidine levels than With ordinary quinidine sulfate. 


QUINAGLUTE DURA-TAB S.M. — 2 quinidine of 


choice in atrial fibrillation, flutter, premature contractions, 
auricular tachycardia. Bottles of 30, 100 and 250. 


For sample supply and reprint write... 
for dosage, 


PHARMACAL 
WYN CORPORATION PDR 


Page 821 


Lancaster Ave. at 51st St., Phila. 31, Pa. 


*U. S. Patent 
2,895,881 1. Greif. E and Scheuer, J.: J Mount Sinai Hosp., Nov./Dec. 1960 


i the only oral Sustained Medication” Qu 0,33 Gm.) ’ 
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IN RESISTANT EDEMA— 


(brand of spironolactone with hydrochiorothiazide) 


e restores dry weight e ambulates the patient 


When patients require maximal control of edema and ascites, Aldactazide will 
frequently free them from excess fluid when no other drug or combination of drugs 
will do so adequately. 

The two components of Aldactazide—Aldactone®, brand of spironolactone, and 
hydrochlorothiazide—activate diuresis by two different mechanisms in two differ- 
ent sites of the renal tubules. This separate and dual influence increases diuresis 
not merely by additive but by truly synergistic increments. 

Further, by protecting potassium reserves, Aldactazide provides optimal safety 
when therapy must be prolonged. 

With Aldactazide many of your patients can lead more normal lives, in greater 
comfort with less restricted activity, free from the burden of edema and ascites. 


INDICATIONS: 
Edema of congestive heart failure, cirrhotic edema and ascites, 
edema of nephrosis, idiopathic edema. G.D. S EAR LE &CO. 
The usual adult dosage of Aldactazide is one tablet four CHICAGO 80, ILLINOIS 
times daily, although dosage may range from one to eight : - 
tablets daily. Research in the Service 
Aldactazide is supplied as compression-coated white of Medicine 


tablets, each tablet containing 75 mg. of Aldactone and 25 mg. 
of hydrochlorothiazide. 
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August 7, 1959: Patient with Familial Hypercholesteremia and 
Xanthoma Tuberosum of both elbows for 14 years. Total serum 
cholesterol: 720 mg.%. Beta-lipoprotein cholesterol: 300 
mg. %.?'? NICALEX, 2 tablets t.i.d. prescribed. No other medication. 


February 21, 1961: Clinically the xanthomata have disappeared. 
No palpable deposits. The areas are soft and not elevated. Total 
a serum cholesterol: 164 mg.%. Beta-lipoprotein cholesterol: 
93 mg.%.?'? NICALEx continued, 2 tablets t.i.d. No side effects 
observed. 


i} This case demonstrates the dramatic clinical role of 
: NICALEX in reducing abnormal cholesterol levels in serum 
i and tissue. According to one recent study “‘... the rapid 
ie visible regression of these lipid deposits [xanthomata] 
a .-- following reduction of serum cholesterol levels, pro- 
vides the best direct clinical evidence we may ever have 
‘ for the resorption of atherosclerotic-like lipid deposits.'’ 


Nicalex reduces abnormal tissue and serum cholesterol 


Sustained cholesterol-lowering and 
antilipemic effects—NICALEX, a newly 
synthesized salt of nicotinic acid, 
lowers serum cholesterol as well as 
phospholipid and triglyceride levels 
effectively and rapidly. Further, be- 
cause is well tolerated, NICALEX 
can maintain lowered cholesterol 
and total lipid levels with or without 
adjunctive dietary restrictions. 


Side effects reduced —NICALEX is 
hydrolyzed uniformly in the gastro- 
intestinal tract into free nicotinic 
acid, with nascent aluminum hydrox- 
ide splitting off to provide effective 
buffering action. With NICALEX there 
is a reduced incidence of flushing and 
gastrointestinal upset. Thus, NICALEX 
provides the therapeutic effects of 
nicotinic acid, “...the most uni- 
formly effective agent...”4 in the 
treatment of hypercholesteremia, 
with a high degree of patient accept- 
ance and cooperation. 


Dosage: 2 to 4 tablets t.i.d., with or after meals. 
Each tablet contains Aluminum Nicotinate 
Walker 625 mg., a complex consisting of (approx.): 
Aluminum Nicotinate 345 mg.; Nicotinic Acid 
200 mg.; and Aluminum Hydroxide 80 mg. 
Equivalent in activity to 500 mg. Nicotinic Acid. 


Supplied: Bottles of 100 and 1,000 tablets. 


Caution: Federal law prohibits dispensing with- 
out prescription. 


References: 1. Parsons, W.B., Jr.: Arch. Int. 
Med. /07:71, 1961. 2. Parsons, W.B., Jr.: Per- 
sonal communication. 3. Taylor, C.B., et al.: 
Illinois M.J. 119:80, 1961. 4. Christensen, N.A., 
et al.: J.A.M.A. 177:546, 1961. 


NICALEX 


TABLETS Aluminum Nicotinate Walker* 
WALKER LABORATORIES, INC., Mount Vernon, N. Y. 


PAT. 2,970,082 
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NEW DIRECT-READOUT RECORDING SYSTEM 


In addition to wide-deflection traces that can overlap, 
and high frequency response, this new recorder pro- 
vides the special advantage of direct readout with no 
chemical developing necessary. Standard galvanometers 
cover a frequency range of 0 to 500 cycles, providing 
more than enough response for heart sounds, blood 
pressures, EEG, ECG, oximetry, dye dilution studies, 
plethysmograms, temperatures, etc. The Sanborn 350- 
1700B Heart Sound Preamplifier provides pre-em- 
phasis to extend the heart sound bandwidth to 1000 
cycles per second with standard 500 cycle galva- 
nometers. Galvanometers with a frequency range up 
to 2000 cps are available upon special request for such 
phenomena as EMG pulses, nerve pulses, etc. The Mod- 
el 658T uses an 8” chart, has 9 speeds from 1000 to 
2.5 mm/sec, timing lines at 0.1 and 1.0 sec intervals, 
beam interrupter for trace identification. Monitoring 
units may be included. 


8-Channel Photographic 
Model 558M Poly-Beam 


Versatile Poly-Beam system 
uses up to eight “350” pre- 
amplifiers; excellent perform- 
ance, full-scale (15 cm) 
recording, reproducible traces; 
monitor units may be included. 


2-Channel Photographic Model 62 Twin-Beam 


Convenient table-top sys- 
tem provides 6 cm wide 
recordings plus electrical 
auscultation; uses Twin- 


NEW 4-Channel Photographic System 
Model 564 Poly-Beam 


Efficient system for up to 4 
channels, with excellent per- 
formance at minimum cost; 
wide application versatility 
by using “350” preampli- 
fiers; full-scale (15 cm) 
recording with clear, repro- 
ducible traces. Monitoring 
units may be mounted on 
cabinet. 


Beam amplifiers (ECG, 
Phono) or external amp- 
lification for additional 
phenomena; external 
monitor units may be 
used. 


The extensive and well-known Sanborn line of heated stylus 
recording systems is available, of course, in addition to 
optical systems outlined above. For complete information call 
the nearest Sanborn Branch Office or a Agency — or 
write Manager, Research Instrument 


DIVISION 
SAN BORN’ COMPANY 
175 Wyman St., Waitham 54, Massachusetts 
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The American Journal of Cardiology 


Volume VIII NOVEMBER 1961 Number 5 


CONTENTS 


Editorial 


Davip W. IRvING AND ELIoT CoRDAY 


Clinical Studies 


Hypertrophic Subaortic Stenosis. Clinical and Hemodynamic Studies with Special 


Reference to Pulse Contour Measurement. . . . . . . . . . 614 
Guy M. BorrEeAu AND BERTRAM J. ALLENSTEIN 


Reporting on three cases of hypertrophic subaortic stenosis, these investigators emphasize 
the diagnostic value of the unusual pulse contour. In this anomaly a prolonged ejection 
time and a large secondary systolic wave, representing the subaortic muscular obstruction, 
were observed. Clinically, a diamond-shaped holosystolic murmur at the fifth left inter- 
costal space and a good aortic sound were heard. Interestingly enough, two of the three 
patients had had subacute bacterial endocarditis. 


Cardiac Involvement in a Peculiar Form of Paramyloidosis . . . . . . . . 624 


EDUARDO COELHO AND J. CORTEZ PIMENTEL 


Primary amyloidosis affecting the heart produces serious cardiac insufficiency and heart 
failure. Involvement of the heart may also occur in paramyloidosis characterized by a 
familial incidence and peripheral neuropathy. Skin biopsy is the best diagnostic test. The 
Congo red test is usually negative in these conditions. 


Ventricular Aneurysm. Fourteen Cases Subjected to Cardiac Bypass Repair Using 


Don W: CHAPMAN, KAMEL AMAD AND DENTON A. COOLEY 


Fourteen patients, with the help of a temporary cardiopulmonary bypass, underwent exci- 
sion of aneurysms of the left ventricle. Clinical findings, physiologic data and surgical 
technic are described. Cardiac catheterization in twelve patients prior to surgery revealed 
reduction in cardiac output and significant pulmonary hypertension. After operation, 
cardiac function improved and the eleven survivors of surgery showed clinical benefits. 


Experimental Study 
Phenol-Talc Procedure for Myocardial Revascularization. Experimental and 


IRA HuGH FRIEDMAN, ALBERT B. LOWENFELS, SoL GELMAN AND 
Jere W. Lorp, Jr. 


When indicated, the phenol-talc cardiopexy improves the myocardial blood supply with 
minimal surgical risk. Measurements in dogs demonstrate that it brings 4.3 cc. of new 
blood per minute to the myocardium suffering from surgically-induced ischemia. 


Contents continued on page 7 
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prevents anginal pain** : 
a r a @ increases exercise tolerance*** 
reduces nitroglycerin requirements*”* 
A potent regulator of amine oxidase, Marplan has demonstrated a high degree of effectiveness in moderately severe to 
intractable angina pectoris. Improvement on Marplan ranged from a reduction in the number of attacks to virtual abolition of 
the anginal state. With Marplan, anginal relief is enhanced by a more confident mental climate — improving the chances of 
success of the entire prophylactic regimen. However, since the precise manner in which Marplan improves the cardiac status 


is as yet undefined, it is imperative that patients be instructed to maintain the same restrictions of activity in force prior to 
Marplan therapy. Consult literature and dosage information, available on request, before prescribing. 


References: 1. W. Hollander and R. W. Wilkins, in J. H. Moyer, Ed., Hypertension, Philadelphia, W. B. Saunders Co,, 1959, g y ROGHE 
p. 399. 2. R. W. Oblath, paper read at American Therapeutic Society, 60th Annual Meeting, Atlantic City, N. J:, June 6, Zod 

1959. 3. N. Bloom, Virginia M. Month., 87:23, 1960. 4. T. Winsor and P. Zarco, Angiology, 11: (Part 2), 67, 1960. 5. G. C. Bi RPS ae 
Griffith, Clin. Med., 6:1555, 1959. 6. G. C. Griffith, Dis. Nerv. System, 21 (Suppl.), 101, 1960. Division of 
MARPLAN®~— hydrazine 
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New Method 


aqnalination of Right to Left Shunts with an Intravascular Polarographic Anode 


SAMUEL KapLaN, LELAND C. CLark, JR., F. KATHRYN EDWaArDs, 
MariAn E. GALLAHER AND R. PHyLuis Fox 


An intravascular polarographic anode sensitive to ascorbic acid is described. It appears 
useful in detecting and localizing right to left shunts. 


Case Reports 


M. Concepcion Ruiz VILLALOBOS, DELFINA P. DE BALDERRAMA, JUAN 
Lopez y Lopez AND MIGUEL CASTELLANOS 


A Teflon prosthesis was successfully used to connect the left subclavian artery to the distal 
aorta in a 14 year old boy with complete interruption of the aortic isthmus, a patent ductus 
arteriosus and probable ventricular septal defect. 


Jere B. STERN AND Haro.tp J. SoBEL 


Hemorrhagic pericarditis is a rare but frequently fatal complication of rheumatoid arthritis. 
: In the two recorded cases, including this one, terminal cardiac tamponade due to hemor- 
| rhagic pericarditis followed the abrupt cessation of steroid therapy. Acute fibrinosis and 
: fibrous pericarditis are more common, and fortunately less fatal, during the course of rheuma- 
: toid arthritis. 


Harry STOECKLE, ARMOND S. GOLDMAN AND JOHN A. WEBB 


Generalized glycogenosis involving the heart, skeletal muscle, liver and brain was found at 
autopsy in an infant suspected of having congenital heart disease. Glycogen structure and 
enzyme determinations were within normal limits, but autoglycogenolysis was absent. 


Diagnostic Shelf 


LEo SCHAMROTH 


Concealed retrograde conduction explains the temporary nodal rhythm with A-V disso- 
ciation which followed a ventricular extrasystole. 
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in coronary artery disease 


with without angina 


Peritrate is basic for both 


because it produces a substantial and sustained 
increase in myocardial blood flow...without sig- 
nificant change in cardiac output, blood pressure, 
or pulse rate 


the patient |with| angina* 


before Peritrate—S-T depression after standard after Peritrate (20 mg., administered 4 hours 
exercise in anginal patient with no history of before exercise test). S-T segment near normal. 
infarction. 


the postcoronary patient | without} angina* 


before Peritrate—Abnormal ECG response to after Peritrate (20 mg., administered 90 minutes 
standard exercise in postinfarction patient with- before exercise test). S-T segment near normal. 
out angina. 


*Electrocardiograms and case histories on file in the 
Medical Department, Warner-Chilcott Laboratories. 


Full dosage information, available on request, should 
be consulted before initiating therapy. 


basic therapy in coronary artery disease 
—with or without angina ile.” 


brand of pentaerythritol tetranitrate makers of Tedral Gelusil Proloid Mandelamine 
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Seminar on the Role of Salt in Cardiovascular 
Hypertension (Part IT) 


Effect of Salt on the Kidney and the Juxtaglomerular Apparatus. 


Louis Tosian, JR. 


This investigator adduces evidence that the juxtaglomerular apparatus of the kidney, by its 
stretch receptor function, serves as an important volume-regulating system. He also cites 
evidence implicating this system in the production of renal hypertension. 


_ Effect of Sodium Chloride on the Thyroid Gland and on Iodide Metabolism. 


. HEenrRI ISLER 


In rats, prolonged administration of sodium chloride increases renal loss of iodides, thereby 
decreasing the uptake of iodine by the thyroid and consequently the synthesis and secretion 
of thyroid hormone. The pituitary gland is then stimulated to produce thyrotropic hor- 
mone which may, in turn, produce goiter in these rats fed sodium chloride. 


Activity of Thyroid Gland during Development of Renal Hypertension in Rats. 


MELVIN J. FREGLY AND JOE V. GONZALEZ 


Thyroid gland activity in rats with renal hypertension increases sharply as the systolic blood 
pressure reaches 150 to 160 mm. Hg. It then, apparently, further elevates the blood pres- 
sure to hypertensive levels. 


684 


688 


694 


Plasma Corticosterone Levels and Salt Intake in Experimental Hypertension in the 


Rat. 
FLoyp R. SKELTON AND PAuL M. Hype 


The mean maximum plasma corticosterone concentration 1 hour after subcutaneous injec- 
tion of the steroid into uninephrectomized adrenalectomized rats was not significantly differ- 
ent from that observed in normal rats 1 hour after exposure to nonspecific stress. The data 
in these and other experiments suggest that the significant differences observed between the 
blood pressures of animals receiving 2.5 mg. and 1.25 mg. of corticosterone twice daily is 
due to differences in salt consumption rather than to the steroid. 


Experimental Hypercholesterolemia from Chronic Excess Salt Feeding. 


Lewis K. DAHL 


Prolonged feeding of excess salt to female rats and dogs over a period of several years fre- 
quently elevates the plasma cholesterol concentration, often markedly. Enhanced intes- 
tinal absorption, increased synthesis or decreased degradation are possible mechanisms not 
yet confirmed. There is no indication that excess salt consumption is related to athero- 


genesis. 
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HYDROCHLORIDE 


In acute, severe pain of myocardial origin, Demerol! provides quick relief —with 
less danger of nausea, vomiting, and respiratory or circulatory depression. Demerol 
is administered by subcutaneous, intramuscular or slow intravenous injection. 


Subject to regulations of The Federal Bureau of Narcotics. 


DEMEROL (BRAND OF MEPERIDINE), TRADEMARK REG. U.S. PAT. OFF. 
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Some Observations on the Role of Added Supplements of Sodium and Lithium in the 
Pathophysiology of Corticoid and Metacorticoid Hypertension in the Rat . 719 


CHARLES E. HALL AND OcTAvIA HALL 


Severe hypertensive cardiovascular disease occurs in rats treated with DCA while drinking a 
solution of LiCl. Hypertension did not develop in the animals whose growth was stunted 
by the toxic effects of the lithium. Metacorticoid hypertension can develop in the hypo- 
physectomized rat. A sustained hypertension in the intact rat follows prolonged NaCl 
excess intake. Withdrawal of sodium excess does not affect the hypertensive state once it 
is induced in the rats. 


The Enhanced Hypertensogenic Effect of Sea Salt over Sodium Chloride . . . . 726 
Lewis K. DAHL AND MARTHA HEINE 


Rats consuming sea salt for 1 year had greater hypertension than rats eating sodium chloride. 
- The responsible elements have not yet been identified. 


Effect of Potassium Nitrate Solution on Blood Pressureof Rats . . . . . . . 732 


MELVIN J. FREGLY 


Drinking KNO; solutions by rats increased the systolic blood pressures and the ratio of organ 
weight to body weight of kidneys, testis and adrenals. The same concentrations of NaCl 
and KNO; produced similar physiologic responses in rats. 


The Role of Potassium and Its Relation to Sodium in the Regulation of Blood Pressure 737 


S. CHARLES FREED 


The dynamic role of potassium in the regulation of blood pressure is influenced by the con- 
tent of sodium in arterial tissue. The sodium-potassium ratio of arterial tissue varies in- 
versely with the change in blood pressure level. 


Autoregulation of Blood Flow in Peripheral Vascular Beds . . . . . . . . V4il 


WENDELL N. STAINSBY AND EUGENE M. RENKIN 


Autoregulation of blood flow is the phenomenon whereby changes in perfusing pressure of a 
tissue or organ produce relatively small changes in blood flow. Experiments indicate this 
phenomenon is a regular, characteristic property of skeletal muscle. The myogenic theory 
of autoregulation remains most acceptable but there is some evidence for a metabolically- 
linked stimulus such as bradykinin or some other blood-borne substance. 


Effect of Dietary Sodium: Potassium Ratio on Body Content of Sodium and Potassium 


JANET LEMLEY-STONE, WILLIAM J. DARBY AND GEORGE R. MENEELY 


Rats fed diets high in NaCl with added K lived longer and had less hypertension than those 
on the same high levels of Na without added K. The addition of K to diets containing 
more than 2 per cent Na also prevented the increased Na space, (Na)g and tissue Na which 
otherwise occurred, 
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to prevent pain and anxiety 
In angina 


For your angina patients, EQUANITRATE helps control pain and angina- 
triggering anxiety. EQUANITRATE reduces the number and severity of attacks, 
increases exercise tolerance, and lessens nitroglycerine dependence. Russekt 
reports “‘The best results .. . in both clinical and electrocardiographic response, 
were observed with a combination of meprobamate and pentaerythritol 
tetranitrate [EQUANITRATE] in the patients studied.” 


For further information on the limitations, administration, and prescribing 
of EQUANITRATE, see descriptive literature or current direction circular. 
TRussek, H.I.: Am J. Cardiol. 3:547 (April) 1959. 


Supplied: EQuanitrATe 10 (200 mg. meprobamate, 10 mg. pentaerythritol tetranitrate), 
white oval tablets, vials of 50. EQUANITRATE 20 (200 mg. meprobamate, 20 mg. pentaerythritol 
tetranitrate), yellow oval tablets, vials of 50. 


Wyeth Laboratories Philadelphia 1, Pa. 


SERVICE 
TO 
MEDICINE 


Meprobamate and Pentaerythritol Tetranitrate, Wyeth 
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Isordil produces a dramatic 
decrease in the incidence and 


severity of Angina Pectoris' 


fourteen papers published within the past 
year document this therapeutic advance. 


Isordil ‘*... appears to exert a more consistent and 
profound effect than any drug previously used for the 
prophylaxis of angina pectoris.’”"! Rapid onset of 
action and prolonged effect are important advantages 
over other agents. ‘‘Benefits from [lsordil therapy] 
seemed to be more marked with continued use.”"! 


Other studies have shown similar striking results.27 
With Isordil, you can expect a “*... substantial reduc- 
tion in frequency and duration of [angina] attacks.”’2 
Nitroglycerin requirements often can be drastically 
reduced or eliminated. 


why Isordil is different 


e With its high solubility, comparable to that of nitro- 
glycerin, lsordil has a much faster onset of action than 
do some older therapies. For example, with Isordil 
the therapeutic lag caused by the low solubility of 
PETN is avoided. Isordil starts to work within 15 to 
30 minutes; as fast as two minutes if partially dis- 
solved in the mouth before swallowing. 


e Because the liver metabolizes it very slowly, Isordil 
has a longer duration of action—about 4 to 6 hours. 


References: 1. Albert, A.: Isosorbide Dinitrate in Treatment of Angina 
Pectoris, Journal Lancet 81:112 (Mar.) 1961. 2. Shapiro, S.: Angina 
Pectoris: Treatment with Isosorbide Dinitrate, Angiology 12:53 (Feb.) 
1961. 3. Leslie, R. E.: Coronary Vasodilators—A Comparative Study, 
Western Medicine 2:56 (Feb.) 1961. 4. Russek, H. I.: Comparative 
Responses to Various Nitrates in the Treatment of Angina Pectoris, 
Journal of the Kansas City Southwest Clinical Society 36:14 (Dec.) 
1960. 5. Berry, J. W.; Carney, R. and Lankford, H.: Clinical Experiences 
with Isosorbide Dinitrate (Isordil®), Angiology 12:254 (June) 1961. 6. 
Sherber, D. A. and Gelb, |. J.: The Clinical Pharmacology of Isosorbide 
Dinitrate: A Unique, New Nitrated Polyalcohol, ibid. 7. Joseph, L. G. 
and Mancini, A.: Isosorbide Dinitrate in Angina Pectoris, ibid. 


Re wee literature and professionai samples available on request. Con- 
direction circular or Physicians’ Desk Reference before prescribing. 


Isordil 


(ISOSORBIDE DINITRATE) 


Also Available: ISORDIL WITH PHENOBARBITAL, the 
accepted sedative for the relief of anxiety in heart patients. 


IVES-CAMERON COMPANY, New York 17,N. Y.(@g 
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Sometime this month the 100,000,000th injection of Mercuhydrin will be given. 


We can interpret this figure in many ways... First of all, in terms of lives prolonged 
or saved . . . in terms of therapeutic advances, for the modern approach to therapy 
of congestive heart failure owes much to the long-established efficacy and safety 
of this drug. The published literature, clinical and experimental, is enormous and 
continuous. After more than 15 years Mercuhydrin remains the pharmacologic 
standard for the clinical comparison of diuretics. And as a pharmaceutical prepa- 


ration, Mercuhydrin has not been surpassed in its stability and reliability. Lakeside 


is indeed proud of Mercuhydrin. Lakeside Laboratories, Inc. 


MERCUHYDRIN®, brand of merallur- 
ide sodium, Lakeside. Supplied in 1 cc. 
and 2 cc. ampuls in boxes of 12, 25 and 
100, and 10 cc. rubber capped, multiple 
dose vials in boxes of 6, 25 and 100. 
Needs no refrigeration. Contraindica- 
tions: Acute nephritis and intractable 
oliguric states. 
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Full thiazide therapy that 
goes easy on the potassium 


“ONCE A DAY—EVERY DAY” 


> © 


Methyclothiazide, Abbott 


Trademark 


Enduron gives you full measureofthe §Enduron’s effect on potassium has 
familiar thiazide benefits: diuresis, | upper limits; doubling the single dose 
sodium and chlorideelimination,anti- from 5 to 10 mg. approximately 
hypertensive action. It is potent doubles the output of sodium—yet 
(peak dose is 10 mg., versus 2000 mg. under this same condition, potassium 
for chlorothiazide, for example). One —_ output increases little or not at all. 


10-mg. dose yields sodium excretion Thus Enduron produces less potas- 
equal or superior to previously avail- sium excretion per unit of sodium 
able thiazides in any size dose. Long- _—_ excreted, so that depletion rarely be- 
acting, too: every tablet delivers 24 comesa problem. 

hours’ continuous therapy, so that Use Enduron with patients who 
rarely does your patient requiremore have mild to moderate hypertension, 
than one daily dose. or patients with edema (as in conges- 


Yet with all this efficacy, Enduron tive heart failure, the nephrotic 
is surprisingly sparing of serum po- —_ syndrome, hepatic cirrhosis, premen- 
tassium. The single daily dose causes __ strual tension, or steroid therapy). 
but a single temporary peak of po- Observe its convenience oe 
tassium loss, compared with multiple _—_and effectiveness. We pre- =) 


peaks of multi doses. Moreover, dictyou’llbegladyouusedit. 
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Hold down that 


soaring blood pressure with 
just one daily dose 


NEW THIAZIDE RAUWOLFIA ANTIHYPERTENSIVE 


ENDURONY 


(Methyclothiazide and Deserpidine, Abbott)—-ENDURON™ and HARMONYL® 


Of course, Enduronyl can’t cure 
your patients’ hypertension... but it 
certainly can simplify treatment. It 
enables you to provide the fullest 
advantages of thiazide and rauwolfia 
—in a single convenient agent —and 
you'll need just one dose daily. Note 
these two components: 


1. ENDURON (Methyclothiazide) 
This long-acting diuretic produces 
enhanced sodium excretion per unit 
of potassium excreted and mini- 
mal potassium loss. It has amply 
demonstrated its merit as a pri- 
mary measure in controlling mild 
to moderate hypertension. 


111257 


- promptly on request: con- 


Trademark 


2. HARMONYL (Deserpidine) This 
is Abbott’s distinctive rauwolfia al- 
kaloid. It provides antihypertensive 
and tranquilizing actions equal to 
those of reserpine, but with less in- 
terference from certain bothersome 
side effects such as lethargy. 

Together, these two components 

provide even greater antihyperten- 

sive action than with either alone. 

Blood pressure starts down steadily, 

and improvement should be substan- 

tial within 10 days. Use Endurony] 
and see. Full literature available 
tact Abbott Laboratories, c=) 

North Chicago, Illinois. 
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A 30 mg. Pentritol Tempule containing hun- 
dreds of pellets for 12 hour action produces 
a smooth, prolonged response similar to 
modern depot injections. Duration, frequency, 
and severity of anginal attacks are lessened.’ 
Patients showing little progress with 80 mg. 
daily of PETN tablets, respond favorably to 
the smaller dose of Pentritol Tempules.? Kamil 
and Klinger report excellent results from a 
timed-disintegration pentaerythritol tetrani- 
trate capsule, with nitroglycerin requirements 
reduced as much as 85%.° 


1. Biegeleisen, H. 1.: Clin. Med. 2:1005, 1955. 2. Roberts, J. T.: Clin. Med. 
4:1375, 1957. 3. Kamil, M., and Klinger, |.: New York State J. Med. 59:3398, 


1959. 


PENTRITOL 
TEMPULES 


controlled disintegration capsules 


nates nitroglycerin requirements, stops or reduces frequency of 


PENTRITOL—Each Pentritol Tempule is a controlled disintegra- 
tion capsule containing 30 ma. of pentaerythritol tetranitrate in 
granular form. An initial dose of 10 mg. is released at once; a second 
dose 4 hours later; and a third dose 8 hours after ingestion. Thus, 
each Tempule affords at least 12 hours of coronary vasodilation. 
ACTION AND USES: Effective therapy for and prophylaxis against 
anginal attacks. One Tempule morning and evening will provide 
24 hours of effective medication, with a smooth, sustained clinical 
effect that has shown superior results. Pentritol reduces or elimi- 


KANKAKEE, ILLINOIS 


anginal attacks, eliminates or mitigates pain, and increases capacity 
for physical activity. CONTRAINDICATIONS: Observe caution in 
glaucoma. DOSAGE: One Pentritol Tempule morning and evening, 
approximately 12 hours apart. SUPPLIED: Bottles of 60 and 250. 
Also available: Pentritol®-B Tempules®, with 30 mg. pentaerythritol! 
tetranitrate and 50 mg. butabarbital, for 12 hours of coronary vaso- 
dilation plus sedation, 


A\: ARMOUR PHARMACEUTICAL COMPANY 


Originators of Listica® 
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Sintrom: for excentionally steady prothrombin-time response 


ind of acenocoumaro 


Two established oral anticoagulants. In the treatment of thromboembolic disease, both 
Sintrom and Tromexan reliably bring about hypoprothrombinemic response. 

Distinguished by high potency and its ability to maintain a uniform response with a constant 
single daily dose, Sintrom is particularly suited to long-term therapy. Significantly more 
rapid and transient in action, Tromexan is well adapted to cases calling for more immediate 


control of thrombotic tendencies. 

Full information regarding dosage, side effects, precautions and contraindications available on request. 
Sintrom®, brand of acenocoumarol, is supplied as double-scored tablets of 4 mg. 

Tromexan®, brand of ethyl biscoumacetate, is supplied as single-scored tablets of 150 and 300 mg. 

Geigy Pharmaceuticals, Division of Geigy Chemical Corporation, Ardsley, New York si/1r-662-61 


‘romexan: for ultra-rapid action with really reversibility of effect 
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The Compact ecg 


with BIG-INSTRUMENT 
PERFORMANCE! 


miniaturized and transistorized 


BECK-LEE SO Mile 


ELECTROCARDIOGRAPH 


packs big performance in a lightweight 
(just over 17 Ibs.) unit as easy to carry 
as a bowling ball . . . for easy-on-you 
house calls. 


THE “compact” with full-size 5 cm 
recording in 114% x 7% x6%-inch case 
... first with Audible-Visual heart sig- 
nal monitoring. 


And Cardi-O-Mite gives you the indus- 
try’s ONLY 2-year guarantee on the 
entire unit and all accessories plus life- 
time guarantee against stylus burnout! 


Choice of single or 2-speed models. 
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Nuisance Suits 
Against Doctors Are 
on the Increase 


Get the true facts on what's happening 
in this troublesome area of your pro- 
fession—in 


Cases 


A selection of widely varied cases 
selected, discussed and analyzed by 
Howard Newcomb Morse, Counsellor 
at Law of the Supreme Court of the 
United States of America. 


Here is enlightening information that 
belongs in every surgeon’s professional 
library. 

(Surgery Court Cases originally ap- 
peared in The American Journal of 
Surgery. ) 


THE AMERICAN JOURNAL 
OF SURGERY 


466 LEXINGTON AVENUE 
New York 17, N.Y. 


Please send ______ copies of Surgery 
Court Cases at $5.00 each. Remittance 


is enclosed. 

NAME _ 

ADDRESS 
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a report on public 
health and extension 
nutrition materials 


An educational consultant examined 206 
Public Health nutrition education mate- 
rials from 22 states and found that break- 
fast cereals were included in the majority 
of them. In the same study, 350 Agricul- 
tural Extension Service nutrition education 
materials from 34 states were also exam- 
ined and it was found that 115 of them 
included breakfast cereals. That cereal is 
a basic breakfast item is demonstrated by 
its inclusion in the above nutrition mate- 
rials, whose aim is to improve the health 
and well-being of the people. 


CEREAL INSTITUTE, INC. 
135 South LaSalle Street, Chicago 3 


A research and educational endeavor de- 
voted to the betterment of national nutrition 
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NEW CRISCO’S improved level 
of preferred lipid factors 
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Your wife can tell you why real shortening is needed for good cooking... 


NEW CRISCO 


THE HIGHLY UNSATURATED SHORTENING 


doubles the linoleic acid to 
answer the need for an 
all-purpose shortening line 
with changing views dietary fat 


You, as a physician, know the desirability of 
adequate sources of linoleic acid even in 
normal diets. Your wife knows how important 
shortening is in preparing fine-tasting foods. 
Today’s prudent diets dictate a more bal- 
anced intake of preferred unsaturates—even 
though a direct causal relationship between 
dietary fats, serum lipid levels, and cardiovas- 
cular diseases is not yet proved. 
Helps you prescribe diets patients will follow! 
Your patients know the desirability of real 
shortening for all frying and baking because 
of the wonderful eating characteristics it alone 
gives to many foods. In fact many of our favor- 
ite foods, for example most cakes, cookies, and 
pastry, can only be satisfactorily made with a 
real shortening, not salad oil. And you know 
how difficult it is to give up favorite foods— 
even on doctor’s orders. 


The importance of new Crisco 


Hence the importance to you and your pa- 
tients of new, improved Crisco: A highly unsat- 
urated vegetable shortening, new Crisco now 
provides approximately double the linoleic acid 
(23-26 per cent) of other leading all-purpose 
shortenings—and a total of 72-78 per cent 
unsaturates. In one-half cup of new Crisco 
there are actually 22 grams of linoleic acid. 
For you, this technical achievement means 


relief from worry about shortenings when 
patients ask your advice about what are the 
preferred fats to use. For these patients, use of 
highly unsaturated new Crisco will permit en- 
joyment of the advantages of the finest vege- 
table shortening —yet it also permits them to be 
on the preferred side dietetically. 


Can be recommended with confidence 


New Crisco achieves a more favorable level 
of preferred unsaturates in line with current 
fat concepts and can be recommended with 
confidence. Crisco’s outstanding digestibility, 
performance, appearance, and all-purpose ver- 
satility are unchanged. 


NEW CRISCO 
Fatty Acid Compesition 
(Grams/100 Grams) 
Total Unsaturates 72-78 
30 Linoleic 23-26 
Others 4-5 
Mono-unsaturates 44-50 
20. Total Saturates 22-28 


7-13% Natural Tocopherols 0.1 


10 Cholesterol Nene 


As a highly unsaturated vegetable shorten- 
ing, with double the linoleic acid content, new 
Crisco is designed to satisfy not only the needs 
of the good cook but also the new requirements 
of the nutrition scientist and physician.  ooas 
PROCTER & GAMBLE + CINCINNATI. OHIO 


LINOLEIC ACID CONTENT 
DOUBLED IN NEW CRISCO 


NEW Other Butter Lard 

CRISCO — * * 
a 

23-26% purpose 

shortenings 
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18 NEW BOOKS FOR CARDIOLOGISTS 


[) George E. Burch & Nicholas P. DePasquale— 
HOT CLIMATES, MAN AND HIS HEART. 
Pub. Feb. 


[] Donald E. Cassels & Minerva Morse—CAR- 
DIOPULMONARY DATA FOR CHILDREN 
AND YOUNG ADULTS. Pub. Jan.’62 


1 E. Grey Dimond—THE EXERCISE ELEC- 
TROCARDIOGRAM IN OFFICE PRAC- 
TICE. Pub. July ’61, 180 pp. (8'/2 X 11), 338 
il., $10.00 


[] Alvis E. Greer—PULMONARY MYCOSES. 
Pub. Jan. ’62 ( Amer. Lec. Chest Diseases) 


Henry J. Heimlich—POSTOPERATIVE 
CARE IN THORACIC SURGERY: A 
Manual of Practical Information for In- 
ternes, Residents, and Nurses. Pub. Dec. 
61 


[] Thomas G. Hull & Tom Jones—SCIENTIFIC 
EXHIBITS. Pub. Sept. ’61, 144 pp., 96 il., 
$6.50 


[] Hans Kraus & Wilhelm Raab—HYPOKI- 
NETIC DISEASE: Diseases Produced by 
Lack of Exercise. Pub. May ’61, 204 pp., 
146 il., $7.50 


(C0 Richard H. Meade—A HISTORY OF THO- 
RACIC SURGERY. Pub. Aug. ’61, 960 pp., 
117 il., $27.50 


[] K. Alvin Merendino et al—PROSTHETIC 
VALVES FOR CARDIAC SURGERY. Pub. 
March ’61, 616 pp., 393 il., $8.25 


[) Arthur J. Moss & Forrest H. Adams—PROB- 
LEMS OF BLOOD PRESSURE IN CHILD- 
HOOD. Pub. Dec. ’61 (Amer. Lec. in 
Pediatrics) 


[] Hans Selye—THE PLURICAUSAL CAR- 
DIOPATHIES (1961 Beaumont Lecture). 
Pub. Sept. ’61, 492 pp., 287 il. (2 in full color), 
$21.00 


C) Clifford F. Storey—ACQUIRED SURGICAL 
LESIONS OF THE ESOPHAGUS. Pub. 
Dec. ’61 (The John Alexander Monograph 
Series) 


[] Jacques B. Wallach & Edgar F. Borgatta— 
RHEUMATIC HEART DISEASE: Pathol- 
ogy and Clinical Implications—A Sum- 
mary of Five Hundred Nine Autopsied 
Cases. Pub. Oct. ’61, 192 pp., 36 il., 56 tables, 


$7.50 


[] Sigmund Adam Wesolowski—EVALUATION 
OF TISSUE AND PROSTHETIC VASCU- 
LAR GRAFTS. Pub. Nov. 61, 192 pp., 88 
il. (Amer. Lec. Surgery), $13.50 


[] Merle E. White—AN OUTLINE GUIDE FOR 
THE CARE OF POST-OPERATIVE CAR- 
DIAC PATIENTS. Pub. May ’61, 120 pp., 
75 il., $6.00 


C] John Riley Williams & Frederick J. Bonte— 
THE ROENTGENOLOGICAL ASPECT OF 
NONPENETRATING CHEST INJURIES. 
Pub. Oct.’61 


[) Grace Wyshak et al.—CARDIACS AND 
DIABETICS IN INDUSTRY: A Study in 
Work Experience. Pub. Sept. ’61, 280 pp., 
36 il., $10.75 


Benjamin W. Zweifach—FUNCTIONAL BE- 
HAVIOR OF THE MICROCIRCULATION. 
Pub. April ’61, 164 pp., 20 il. (Amer. Lec. 
Physiology), $7.00 


CHARLES C THOMAS ¢« PUBLISHER 1, 
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301-327 East 


wrence Avenue 


SPRINGFIELD ¢« ILLINOIS 
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life normal again for the 


Often the only therapy needed to control blood pressure and relieve 
symptoms... potentiates other antihypertensives when used adjunctively 
...minimal side effects...economically priced. 
For complete details, consult latest Schering literature available from your Schering Rep- 
resentative or Medical Services Department, Schering Corporation, Bloomfield, N. J. $-868 
trichlormethiazide 


she wakes 
refreshed 


morning dose controls 
blood pressure all day 


» 


her food sacs better 
(thanks to salt liberalization) 


“cardiac fears” allayed 
(zest for life returns) 


edema relieved 
(shopping easier) 
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effective by itself in many hypertensives... 
indicated in all degrees of hypertension 
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with ReseRPINE 


HYDROCHLOROTHIAZIDE 
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palpable Sfingerbreadths Blood pressure 270, 
low costal margin. weight 1101 pounds 


Weight 105 pounds. 


HYDROPRES-25 HYDROPRES -50 


25 mg. HydroDIURIL hydrochlorothiazide, 0.125 by 50 mg. HydroDIURIL hydrochlorothiazide, 0.125 
mg. reserpine per tablet. One tablet one to mg. reserpine per tablet. One tablet one or 
four times a day. two times a day. 


also available: 


HYDROPRES-Ka*25 HYDROPRES-Ka‘50 


25 mg. HydroDIURIL hydrochlorothiazide, 0.125 50 mg. HydroDIURIL hydrochlorothiazide, 0.125 
mg. reserpine, 572 mg. potassium chloride mg. reserpine, 572 mg. potassium chloride 
(equivalent to 300 mg. potassium) per tablet. (equivalent to 300 mg. potassium) per tablet. 


It is essential to reduce the dosage of other antihypertensive agents, particularly the ganglion blockers, 
by at least 50 per cent immediately upon addition of these agents or of HYDROPRES Tablets to the regimen. 


Before prescribing or administering HYDROPRES, the physician should consult the 
detailed information on use accompanying the package or available on request. 


MERCK SHARP & DOHME, DIVISION OF MERCK & CO., Inc., WEST POINT, PA. 


THYDROPRES, HYDROPRES-Ka, AND HYDRODIURIL ARE TRADEMARKS OF MERCK & CO., INC, 
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| ———"_ a new approach to these A-B-C’s 


A recent review of the atherosclerosis problem! points out that “cholesterol is only one of 
the serum lipids which may be related in some way to atherogenesis” and suggests that “specific 
triglycerides, phospholipids, fatty acids or the whole spectrum of beta-lipoproteins may be of 
equal or greater importance.” 

The role of the low-density beta-lipoproteins has been stressed by Olson’, who suggests that they 
are the primary agents in atherosclerosis. Another recent discussion* has brought out the need for 
a simple and reliable testing procedure for beta-lipoproteins. 

BETA-L TEST® is a specific immunochemical test for estimating serum beta-lipoprotein levels. 
BETA-L TEST reagent contains antibodies which specifically precipitate the beta-lipoproteins in 
human sera. This precipitate is then measured visually. Test requires only one drop of patient’s 
serum and can be performed in 10 minutes. Clinical laboratories equipped with a micro-hema- 
tocrit centrifuge need no other special equipment for test performance. 

In addition to its usefulness in atherosclerotic studies, BETA-L TEST may be found a helpful 
diagnostic and prognostic procedure in diabetes, hypothyroidism, the menopausal state and other 
conditions associated with elevated beta-lipoproteins. 

BETA-L TEST measurements correlate well with total beta (low-density) lipoprotein measure- 
ments obtained by electrophoresis* and polyanion precipitation* and with cholesterol values in 
the beta-lipoproteins’. 

BETA-L TEST is supplied in 60-test kits. 


1. Goldsmith, G. A.: Highlights on the Cholesterol-Fats, Diets and Atherosclerosis Problem, 

J.A.M.A. 176: 783-790 (June 3) 1961. 

2. Olson, R. E.: Prevention and Control of Chronic Disease. I. Cardiovascular Disease—with Particular 
Attention to Atherosclerosis, Amer. J. Public Health 49: 1120-1128 (Sept.) 1959. 

3. Wood, F. C., Gurin, S., and Kuo, P. T.: Medical Correlation Clinic on Atherosclerosis and Coronary Artery 
Disease, Am. Pract.-Dig. Treat. 12: 235-247 (April) 1961. 

4. Heiskell, C. L., et al.: A Simple Method for Quantitation of Serum Beta-Lipoproteins by Means of the 
Immunocrit, Amer. J. Clin. Path. 35: 222-226 (March) 1961. 

5. Bergquist, L. M., Carroll, V. P., Jr., and Searcy, R. L.: Evaluation of a Specific Antiserum for 

Serum- B-Lipoprotein Estimations, Lancet i: 537-538 (March 11) 1961. 


HYLAND LABORATORIES 
4501 Colorado Blvd., Los Angeles 39, Calif. 


Branch Office: 160 Lockwood Ave., Yonkers, New York 
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“First in the hearts 


of cardiac patients 


A.C.M.L. was the first to introduce nylon woven 
catheters in the United States — originally for 
ureteral use — later for cardiac catheterization. 


A.C.M.I.’s nylon woven cardiac catheters are 
preferred for smoothness combined with flexibility. 
Lengths: 30 cm. to 150 cm. Thin-walled, radiopaque. 


A.C.M.I_.’s polyethylene cardiac catheters provide 
a smoother and larger lumen for collection of 
blood samples and the rapid injection of contrast 
media. Other types too are under development. 


A triumph of technical skill — all A.C.M.I. cardiac | 
catheters have earned the confidence of the medical 
profession through their consistently superior quality. 


Nylon woven 
cardiac catheters 


FREDERICK J. WALLACE, President 


American (gstoscape Makers, Ine. 


8 PELHAM PARKWAY, PELHAM MANOR, N. Y. 


rap 
\ 
at 
CARDIAC CA 
Lhe IAG ETERS 
— 
/, 
‘3 f 
4 
= 
“at 
4 
j 
‘ 
} 


AQUEOUS COLLOIDAL SOLUTION 


'a clear, stable, aqueous colloidal solution for administration 
-intramuscularly intravenously - subcutaneously 


a dosage form for every Vitamin K indication: 
AquaMEPHYTON (for intramuscular, intravenous, subcutaneous 
administration), 1-cc. ampuls containing 10 mg. MEPHYTON, Vitamin K, 
TABLETS MEPHYTON (for oral administration), 5 mg. 


EMULSION MEPHYTON (for intravenous administration only), 
l-cc. ampuls containing 10 mg. and 50 mg. per cc. 
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OF MEPHYTON®, VITAMIN K, 


Vitamin K; ‘has a more prompt, more 
potent and more prolonged effect than 
the vitamin K analogues” * 


*Council on Drugs: New and Nonofficial Drugs, 
Philadelphia, J. B. Lippincott Co., 1960, p. 732 


reduces the hazard of hemorrhage 
due to hypoprothrombinemia in: 


* prophylaxis and therapy of hemorrhagic disease of the newborn 

* surgery, preoperatively and postoperatively 

¢ anticoagulant-induced prothrombin deficiency 

* inadequate absorption of Vitamin K 

+ biliary tract disease 

* prothrombin-depressing drugs such as salicylates and phenylbutazone 
* inadequate endogenous preduction of Vitamin K 


For additional information, write Professional Services, 
Merck Sharp & Dohme, West Point, Pa. 


MERCK SHARP & DOHME 
DIVISION OF MERCK & CO., INC., WEST POINT, PA. 


AquaMEPHYTON AND MEPHYTON ARE TRADEMARKS OF MERCK & CO., Inc. 
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Your Patients Can Enjoy Fine Foods With Minimum Diet Changes! 


For good eating while maintaining 
serum cholesterol control 


Leading authorities agree that where reduction of se- 
rum cholesterol levels is indicated, fat intake should not 
exceed 1 of total calories and of this, at least 4 should 
be polyunsaturated fats. 

Polyunsaturated fats, such as those found in corn oil, 
are rich in the linoleates which are important in reduc- 
ing serum cholesterol levels. This has been proven time 
and again in nutritional studies of hypercholesterolemia. 
Mazola Margarine and Mazola Corn Oil have outstand- 
ing P/S (polyunsaturate to saturate) ratios. Thus the 
hypercholesterolemic patient can usually enjoy the same 
appetizing foods as the rest of the family. 

Mazola Corn Oil is unexcelled in polyunsaturates and 


j MARGARINE De 


*U.S. Pat. No. 2,955,039 


AVERAGE COMPOSITIONS OF MAZOLA® MARGARINE AND MAZOLA® CORN OIL 


(All figures are in grams.) 
MAZOLA MARGARINE 


e 
° 
° 100 grams 2 oz. (4 thsp.) 100 grams 1 fl. oz. (2 thsp.) 4 
Fatty Acids 
e Polyunsaturated 21 12 51 14 e 
. Monounsaturated 40 23 32 9 4 
> Saturated 14 8 11 3 > 
Natural Sitosterols 0.5 0.3 1 0.3 
e Natural Tocopherols 0.08 0.045 0.08 0.020 . 
° Cholesterol none none none none 4 
Sodium 0.9 0.5 none none 
MAZOLA MARGARINE —410 Calories/2 oz.; lodine Value —96 
MAZOLA CORN OIL—250 Calories/fl. oz.; lodine Value —124 

o 
RATIO OF POLYUNSATURATES /SATURATES 
> (Average values.) bd 
° Table Spreads Vegetable Oils : 

e 
MARGARINE CORN OIL 
High-priced ° m4 
pharmaceutical Cottonseed Oil 
margarine 
Ordinary hydrogenated Peanut Oil 
corn oll margarine 
e 
4 Conventional Olive Oil 
margarines 
> Butter 
bed © 
° 


lowest in saturates of all leading brands of vegetable 
oils. Mazola’s P/S ratio is far higher than that of any 
other leading food oil. Your patient will find Mazola 
Corn Oil ideally suited for salad dressings and frying; 
also for baking wherever liquid shortenings are called 
for in the recipe. 


Mazola Margarine* contains liquid Mazola Corn Oil as a 
major ingredient. This corn oil is not hydrogenated, 
thereby preserving its rich content of linoleates. Mazola 
Margarine contains 2 to 3 times as much natural lino- 
leates as any other margarine readily available in gro- 
cery stores from coast to coast. Its taste, color and 
handling characteristics are unexcelled. 


MAZOLA CORN OIL 


Write for a copy of A MEAL PATTERN FOR THE HYPERCHOLESTEROLEMIC 
PATIENT. Contains 25 individual instruction sheets for your patients. 


CORN PRODUCTS COMPANY 10 East 56th Street, New York 22, N.Y. 
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YOUNG INVESTIGATORS’ AWARDS 
FOR 1962 


FIRST PRIZE IS REPRESENTED BY A SILVER MEDAL AND $1,000. 
Honorable Mention $250; Eight Additional Awards of $100 Each. 
The conditions of the awards are: 


ELIGIBILITY Any physician in residency or fellowship status or within 3 years 
following his residency or fellowship. 


SCOPE A formal presentation, 10 minutes in length, describing original 
investigation in which the contestant did either the work or was 
a significant member of investigating team. 


PROCEDURE An original manuscript and letter indicating intention to enter the 
competition must be in hands of Executive Director by January 1, 
1962. 


An accompanying \etter from the chief of the service or laboratory 
indicating his willingness to have the material presented in the 
competition. 


Judging to be made by the Committee of Judges selected by the President of the Ameri- 
can College of Cardiology and their decision to be based upon (a) excellence and 
originality of investigation (b) excellence of written manuscript (c) excellence of 
presentation. 


Competition to be in Denver, Colorado, upon the occasion of the 11th Annual Meeting 
of the American College of Cardiology, date May 29 to June 2, 1962. 


Address queries and manuscript to: Executive Director, American College of Car- 
diology, Empire State Building, 350 Fifth Avenue, New York 1, New York. 
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| RK G™ the radio-electrocardiograph 


...the electrocardiogram [taken] during exercise is an webbie 


valuable adjunct in the detection of myocardial disease... 


Bellet, S., Deliyiannis, S. and Eliakim, M.: Am. J. Cardiol. 8:385 (Sept.) 1961 


The electrocardiogram during exercise has 
now become a practical procedure with the 
introduction of RKG 100, the radio-electro- 
cardiograph. The RKG 100 eliminates all 
connective cables between patient and 
apparatus and permits unrestricted recording 
of the EKG while subjects are exercising or 
undergoing the physical and emotional stress 
of everyday activity. It has been used suc- 
cessfully with more than 1,200 patients who 
were performing mild (Master Two-Step 
Test) or strenuous (stationary bicycle) 
exercise. Significantly in one clinical study 
conducted with this new instrument, it was 
reported that “...58% of our cases with 
cardiac disease showed changes only or 
chiefly during exercise.””! 


References: 1. Bellet, S., Deliyiannis, S. and Eliakim, M.: Am. J. 
Cardiol. 8:385 (Sept.) 1961. Bellet, S., Deliyiannis, S. and Eliakim, 
M.: Circulation (in press) 


For further information 
about the RKG 100 please write to: 


The RKG 100 system consists of a pocket- 
size, battery operated radio transmitter worn 
by the patient; specially designed, Band-Aid 
type electrodes, and a desk-model receiver 
which can relay the electrocardiographic 
waves to conventional recording equipment, 
an oscilloscope or magnetic tape recorder. 
The transmitter operates on an authorized 
radio frequency allocated by the Federal 
Communications Commission. 

The system can broadcast up to 500 yards 
and the tracings show a stable baseline 
virtually free of muscle noise. The equip- 
ment is simple to operate in a physician’s 
office or hospital. Besides the electrocardio- 
gram during exercise, the RKG 100 offers 
distinct advantages in continuous monitoring 
in operating, recovery and intensive care 
rooms. 


TELEMEDICS INC. 


SOUTHAMPTON 1, PENNSYLVANIA 


A Subsidiary of Vector Manufacturing Company, Inc. 


Branch Offices: New York ¢ Philadelphia ¢ Dallas ¢ Los Angeles 
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= to improve 
cardiac 
function 


permits 
accurate dosage titration 


Since initial digitalization and maintenance dos- 
age must be carefully individualized, Crystodigin 
fulfills the important requirements of a preferred 
digitalis. Crystodigin is a crystalline-pure, uni- 
formly potent single glycoside that is completely 
absorbed in the gastro-intestinal tract. With 
Crystodigin, the maximum therapeutic effect can 
be readily obtained by dosage titration in incre-- 
ments as small as 0.025 mg. 

Available in scored tablets of 0.05 mg. 
(orange), 0.1 mg. (pink), 0.15 mg. (yellow), and 
0.2 mg. (white); and in 1-cc. and 10-cc. 
ampoules, 0.2 mg. per cc. 

Product brochure available; write Eli Lilly 
and Company, Indianapolis 6, Indiana. 


Crystodigin® (crystalline digitoxin, Lilly) 


170110 
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EDITORIAL 


Recognizing Compensated Shock 


HE CLINICAL PICTURE of noncompensated 
es usually is clear cut and readily rec- 
ognized. However, when compensated or im- 
pending shock is present the condition may be 
difficult to diagnose. A clinician can misinter- 
pret the presence of compensated shock and thus 
fail to apply early and adequate life-saving 
treatment. 

Recent experiences with a number of patients 
in a state of compensated shock revealed that 
they did not receive treatment until it was too 
late. In each case the attending physician did 
not initiate proper therapy only because the 
blood pressure was not at the level commonly 
and arbitrarily stated for shock. A didactic 
statement -that only a systolic blood pressure 
reading below 80 mm. Hg is in the shock range 
may be erroneous in many cases. In the com- 
pensated state of shock, homeostatic vasocon- 
strictor mechanisms spontaneously sustain the 
pressure from anywhere near normal levels, to 
hypotensive levels, to an occasional hypertensive 
level. 

Reference to the patient’s usual blood pressure 
level also is necessary. For example, if a 
patient’s normal blood pressure is 180/130 mm. 
Hg, hypotension may be considered at a pressure 
of 120/70-60 mm. Hg. If this pressure is 
allowed to decline further to a level of 80/50 
mm. Hg, that patient is, in all probability, in a 
moribund and preterminal condition. 

Physiologic Vascular Adjustments in Shock: In 
compensated shock, the arterioles of the skeletal 
muscles, skin, kidneys and gastrointestinal tract 
constrict to allow the limited circulating blood 
volume to be shunted to those more vital areas 


1 Corpay, E. and WiiuiaMs, J. H. Effect of shock and 
of vasopressor drugs on the regional circulation of the 
brain, heart, kidney and liver. 
1960. 


Am. J. Med., 29: 228, 


essential for the maintenance of life and least 
able to withstand ischemia (such as the brain 
and the heart).!_ If peripheral arteriolar vaso- 
constriction adjusts the vascular bed to the 
circulating blood volume, the systemic pressure 
increases and restores the perfusion pressure of 
the brain and myocardium (Fig. 1). The 
patient, although in shock, is in a state of com- 
pensated shock. If arteriolar vasoconstriction is 
insufficient to correct systemic pressure, the 
patient will remain hypotensive and will then 
be in a state of noncompensated shock. 

When compensatory arteriolar vasospasm of 
the kidney, gastrointestinal tract, muscles and 
skin does occur, it can be maintained only for a 
limited period of time. Because of resultant 
hypoxemia, the arteriolar musculature becomes 
paralyzed and secondary vasodilation occurs 
with peripheral circulatory collapse. Following 
circulatory collapse, the capillaries of all tissues 
dilate and the peripheral bed then contains an 
enormous amount of blood. Thus, there is a 
further disproportion between the circulating 
blood volume and the vascular space. The 
patient now enters a noncompensated phase of 
shock which usually is an irreversible state. 
Treatment at this stage is extremely difficult 
because the vasculature of the target organs is so 
ischemic and affected by shock-produced vaso- 
depressor substances that it is unable to vaso- 
constrict. 

If vasopressor agents are used when the 
splanchnic and renal arterioles are trying to 
compensate, that is, are partially vasocon- 
stricted, physician-induced vasopressor therapy 
further increases the vasoconstriction of the less 
vital target organs and the available blood is 
shunted to the more essential areas. 

Treatment: Hypotension in compensated shock 
caused by cardiac arrhythmias, myocardial in- 
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Fic. 1. The effect of bleeding on regional blood flow: 
A schematic drawing of the regional blood flow of the 
carotid, coronary and hepatic arteries and the portal and 
renal veins to demonstrate compensated and_non- 
compensated phases of shock resulting from hemorrhage. 
After bleeding was stopped the blood pressure rose 
spontaneously. During the phase of ‘“‘compensated 
shock,” the carotid flow increased somewhat, the 
coronary and the hepatic flow increased, but the renal 
and portal vein blood flow continued to diminish. This 
demonstrates that the mesenteric and the renal arterioles 
vasoconstrict in an attempt to restore the systemic blood 
pressure and return the limited circulating arterial blood 
flow to the brain, myocardium and liver. With further 
bleeding, the homeostatic mechanisms which attempt to 
maintain the systemic blood pressure (the renal, mesen- 
teric and musculoskeletal arterioles) were not able to 
vasoconstrict further and the blood pressure did not in- 
crease spontaneously. A noncompensated state of shock 
existed. Vasopressor agents increased the blood flow 
of the carotid, coronary, and hepatic arteries towards 
normal levels but the circulatory volume of the portal 
and renal veins diminished somewhat further. 


farction or following cerebral vascular throm- 
bosis should be treated promptly with vaso- 
pressor agents before the blood pressure declines 
to excessively low levels. The administration 
of blood, plasma or plasma expanders is fre- 
quently contraindicated because these fluids 
may overload the vascular circuit. ‘They should 


be used as replacement therapy only when 
actual blood loss is present, as in hemorrhage. 
Vasopressor agents are the treatment of choice 
for hypotension of both noncompensated and 
compensated shock. 

The signs and symptoms of noncompensated 
shock are readily recognized; namely, restless- 
ness, weakness, pallor, syncope, oliguria or 
anuria, cold and clammy skin, absolute hypo- 
tension, diaphoresis and loss of skin turgor. The 
signs of compensated shock are less obvious but 
because of the underlying physiologic mech- 
anism it is essential that they be recognized. In 
essence, they also consist of cold and clammy 
skin, purple mottling of the extremities, pallor, 
some degree of diaphoresis and a blood pressure 
reading somewhat lower than normal levels. It 
is re-emphasized that an arbitrary systolic blood 
pressure reading of 70, 80 or 90 mm. Hg must 
not be taken as the sole criterion for shock. For 
accurate diagnosis of all phases of shock, the 
blood pressure readings must be considered in 
combination with all pertinent associated physi- 
cal signs. A blood pressure reading thought to 
be within a normal range may be a severe degree 
of relative hypotension for that particular subject. 

It is important to understand the clinical 
picture in its entirety because the physician must 
anticipate the possible onset of shock in any 
patient with a recent myocardial infarction, 
rapid cardiac arrhythmias (especially of ventric- 
ular origin) or a cerebral thrombosis.: If any 
patient’s history is suggestive of a shock-produc- 
ing state and if any of the signs or symptoms of 
shock are present, particularly cold, clammy, 
purple mottled skin and anuria, in all prob- 
ability the patient is in a state of compensated 
shock. These patients must be watched closely 
because they often slip into a decompensated 
state. 

It is wiser to begin vasopressor therapy in a 
state of compensated shock while the patient is 
relatively hypotensive and evinces associated 
signs of cardiac decompensation and arrhyth- 
mias, rather than wait for the appearance of 
dangerous, telltale, markedly hypotensive non- 
compensated shock. A slight restoration of 20 
mm. Hg in the mean blood pressure may in- 
crease coronary flow 50 per cent.2 This may 
be all that is necessary to correct disturbing 


2 Corpay, E., Wiuiams, J. H., pe Vera, L. B. and 
Gotp, H. Effect of systemic blood pressure and vaso- 
pressor drugs on coronary blood flow and the electro- 
cardiogram. Am. J. Cardiol., 3: 626, 1959. 
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arrhythmias or vicious congestive failure.® 
Prompt therapy of compensated shock is the 
greatest prophylaxis against life-endangering 
noncompensated shock. 

In summary, because the effectiveness of 
present day therapy of shock depends on its 
prompt institution, every effort must be made to 
recognize the clinical features of the various 
phases of shock. The recognition of a state of 


3’ Corpay, E., Gotp, H., p—E Vera, L. B., 
J. H. and Fretps, J. Effect of the cardiac arrhythmias 
on the coronary circulation. Ann. Int. Med., 50: 535, 
1959, 
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compensated shock might be difficult. Relative 
hypotension, individually diagnosed for each 
patient, must be treated as if it were absolute 
hypotension. Vasopressor therapy is indicated 
whenever moderate relative hypotension is 
evident, especially if associated with myocardial 
infarction, rapid cardiac arrhythmias or cerebral 
thrombosis. 


Daviw W. IrvING, M.D. 
Eviot CorDAY, M.D., F.A.C.C. 
Institute for Medical Research 
Cedars of Lebanon Hospital 

Los Angeles, California 
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Clinical Studies 


Hypertrophic Subaortic Stenosis 


Clinical and Hemodynamic Studies with Special Reference 
to Pulse Contour Measurement”* 


Guy M. BolTEAu, M.D. and BERTRAM J. ALLENSTEIN, M.D. 


Duarte, California 


ECENT REPORTS have described hypertrophic 
enero stenosis under multiple terms: 
pseudoaortic stenosis,’ obstructive cardiomyop- 
athy,” asymmetrical hypertrophy of the heart* 4 
and familial muscular subaortic stenosis. This 
clinical entity has generated much interest in the 
last few years because of its similarity to and 
confusion with aortic stenosis or mitral insuffi- 
ciency. The surgical treatment of this lesion®:’ 
is still in the developmental stage and no valid 
assessment of the results can yet be made. The 
diagnosis must be recognized if effective relief 
for these patients is to be achieved. 

It is the purpose of this paper to present the 
clinical, hemodynamic and angiographic data 
of three cases of hypertrophic subaortic stenosis 
and to emphasize specific findings, particularly 
those related to the pulse contour, which we be- 
lieve to be of diagnostic value in this condition. 


METHODS 


Each patient had a fourteen lead electrocardio- 
gram, direct spatial vectorcardiogram (Kimura, 
Grishman and Frank lead systems), a phonocardio- 
gram and roentgenograms of the chest with barium 
swallow and cardiac fluoroscopy. Catheterization 
data were obtained as follows: (A) Pressures were 
recorded by means of a Statham strain gauge, 
P-23AA, and multichannel photographic recorder. 
(B) Blood gas analyses were carried out by the 
method of Van Slyke. Oxygen saturation was 
determined also by the use of oximeters. (C) 
Cardiac output was calculated by the Fick principle,® 
and the Stewart® and Hamilton’ methods were 
utilized when the cardiac output was calculated 


the first time. 


from indicator dilution curves. (D) Corrected 
aortic and radial artery upstroke time was calcu- 
lated from the following formula: 


VR — 
when U.T: measured upstroke time in the pressure 
tracing and R! — R? measured interval between 


peaks of successive R waves in the electrocardiogram. 

Selective cardioangiography was performed in two 
cases in the midleft ventricle through a retrograde 
aortic catheter. 


CAsE REPORTS - 


Case 1. This was a 40 year old woman with the 
chief complaints of pain in the chest and palpitations. 
History of rheumatic fever was denied. At the 
age of 18 years, on routine examination, a school 
physician stated that she had a murmur. She 
married and had five children normally; during 
her last pregnancy she experienced palpitations for 
In October, 1957, when she had 
“severe pneumonia,” she was digitalized. ‘There- 
after she became more aware of cardiac symptoms, 
and had marked palpitations and _retrosternal 
pain in the chest which radiated to the left shoulder, 
leaving her left arm heavy and weak. Nitroglycerine 
relieved the pain in about 2 minutes. ‘The patient 
was referred to the Center as a case of mitral in- 
sufficiency. 

Physical examination revealed: peripheral pulses 
normal in volume; blood pressure in the arm was 
120/55 mm. Hg; in the thigh, 130/ 70. Neck veins 
were not engorged; apex beat thrusting in the fifth 
intercostal space at the anterior axillary line. A sys- 
tolic thrill was palpated along the left sternal border 
at the fifth intercostal space. There was a rough, 


* From the Department of Cardiology, Elsinor and George Machris Cardiac Hospital, City of Hope Medical 


Center, Duarte, California. 
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ejection type, grade 4, pansystolic murmur between 
the apex and left sternal border, radiating to the 
axilla but not to the neck. The second sound at the 
aortic area was present and equal to the second sound 
at the pulmonic area. A grade 2 holosystolic murmur 
was heard at the base, loudest at the aortic area. 

Electrocardiogram and vectorcardiogram revealed sinus 
rhythm, left ventricular hypertrophy, digitalis effect 
and myocardial ischemia (Fig. 1). The phono- 
cardiogram showed a holosystolic murmur with mid- 
systolic accentuation recorded along the left sternal 
border and at the apex. Roentgenograms and cardiac 
fluoroscopy revealed left ventricular enlargement with- 
out significant left atrial bulging. No valve cal- 
cification was seen. 

Cardiac catheterization (right and left) revealed mild 
pulmonary hypertension and a systolic gradient of 
130 mm. Hg between the left ventricle and in- 
fundibular outflow tract of the left ventricle (Table 
1). No evidence of aortic or mitral insufficiency was 
demonstrated by dye dilution curves. The method 
used here to detect aortic regurgitant flow was 
demonstrated by Braunwald and Morrow" in 1958. 
No indicator dye was detected at the radial artery or 
the right ear when dye was injected at various levels 
in the descending aorta. Also, in order to rule out 
mitral valvular insufficiency, indicator dye was 
injected in the midleft ventricle, according to the 
Marshall technic." No abnormality, such as absence 
of a systemic recirculation peak or prolongation of the 
disappearance slope, was demonstrated. 

Left heart biplane angiogram showed the left ven- 
tricular wall to be thickened with some bowing of the 
interventricular septum to the left. During systole, 
there was a very narrow outflow tract approximately 
3 to 4 cm. below normal valve cusps. It appeared 
somewhat tortuous and measured approximately 1 
cm. in diameter on the anteroposterior films. ‘There 
was occasional regurgitation of the opaque media 
through the mitral valve with varying increase in 
opacification of the left atrium (Fig. 2). 


Case 2. This 37 year old woman’s chief com- 
plaints were fatigue and dyspnea on exertion. 
History of rheumatic fever was denied. At age 18, 
on routine examination, a school physician stated 
she had a murmur. She had two pregnancies. The 
last one, in 1954, was complicated by cough, orthop- 
nea and paroxysmal nocturnal dyspnea. In June, 
1954, a tooth was extracted without penicillin 
prophylaxis. Three hours later fever, chills and 
headache occurred. ‘This continued for 3 weeks. 
Blood cultures were positive for Streptococcus 
viridans. The patient responded well to penicillin 
therapy, but she had fatigue, moderate dyspnea on 
exertion and occasional paroxysmal nocturnal dysp- 
nea, for which she was digitalized. The complaints 
have persisted. 

Physical examination revealed: blood pressure, 
104/50 mm. Hg; neck veins slightly engorged; 
lungs clear. Point of maximum cardiac impulse was 
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Fic. 1. Electrocardiograms and vectorcardiograms of 


Cases 1, 2 and 3. 


at the sixth intercostal space at the anterior axillary 
line. Sinus rhythm was present. A systolic thrill 
was palpated at the apical area. A grade 4, harsh, 
holosystolic murmur, with midsystolic accentuation, 
was heard best along the left sternal border at the 
fifth intercostal space and at the apex, radiating 
into the axilla. The same murmur was well heard 
over the precordium, but was less intense at the base 
and did not radiate well to the carotid areas. 

Laboratory data showed hematocrit, 49 per cent; 
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SYSTOLIC PHASE 


Fic. 2. Case 1. 


Boiteau and Allenstein 


DIASTOLIC PHASE 


Left ventriculogram, anteroposterior films. The narrowing. 


(cone formation) is demonstrated at the outflow tract of the left ventricle in 


systole by the arrows; 


antistreptolysin O titer, 1:50 units; C-reactive pro- 
tein, negative; and sedimentation rate (corrected), 
5 mm. per hour. Electrocardiogram revealed left 
ventricular hypertrophy and digitalis effect. Vector- 
cardiogram showed abnormal repolarization and left 
ventricular hypertrophy (Fig. 1). Phonocardiogram 
revealed a holosystolic murmur with midsystolic 
accentuation at all areas. The second sound was 
well seen at the aortic area. 

Right heart catheterization (March 2, 1959) revealed 
a long infundibular area at the outflow tract of the 
right ventricle (systolic gradient 30 mm. Hg). 
Cardiac index was 2.2 L. per minute per M?. 

Retrograde aortic catheterization, performed on October 
27, 1960, demonstrated a long infundibular area at 
the outflow tract of the left ventricle (systolic gradient 
of 56 mm. Hg) (Table 1). Dye curves showed no 
aortic or mitral valve insufficiency. 

An angiogram done in the midleft ventricle revealed 
the aortic cusps to be apparently normal. The 
wall of the left ventricle appeared markedly thickened. 
The initial filling of the left ventricle outlined an 


the anterior mitral leaflet is well visualized; 
amount of blood in systole is significant. 


residual 


opaque zone around the mitral annulus and showed 
the interventricular septum to be deviated to the 
left. ‘There was marked narrowing of the outflow 
tract of the left ventricle during systole (Fig. 3). 


Case 3. This was a 23 year old woman with 
chief complaints of fatigability and mild dyspnea on 
exertion. A heart murmur was first heard at 
the age of 2 years. Acute glomerulonephritis oc- 
curred when the patient was 10 years old. Through- 
out her adolescent years the only complaints were of 
some increased fatigability and mild exertional 
dyspnea, as compared with her classmates. A 
pregnancy in 1958 was associated with exertional 
dyspnea, orthopnea and signs of heart failure. 
Therefore, a therapeutic abortion was performed in 
December 1958. A diagnosis of subacute bacterial 
endocarditis was made and confirmed by blood 
culture (Streptococcus viridans). She had a good re- 
sponse to penicillin therapy. 

Physical examination revealed peripheral pulses 
with good volume; blood pressure was 112/80 mm. 
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TABLE I 
Hemodynamic Findings in Three Cases of Hypertrophic Subaortic Stenosis 


Eiecti Corrected Maximum 
Pressures Upstroke Velocity 
(mm. Hg) — Time (mm. Hg/ Car- | Car- 
(sec. ) (sec.) sec.) diac | diac 
Case Out- | Index 
, a- ys- a- a- a- L./ | min. 
Cen- | Left | Im- | otic | Cem- | | Cem | gia | Cem- | | ) 
tral Ven- | fundib- tral tral tral . 
orta tery ricie ulum dient® orta tery orta tery orta tery 
1 90/55| 92/50 | 220/ 90/ 130 | 0.36 | 0.36 | 0.06 | 0.06 | 775} 775 | 3.5 | 2.2 
12-18 | 12-15 
2 104/62} 120/65 | 160/ 104/ 56 | 0.35 | 0.35 | 0.06 | 0.06 | 1140 | 1140 | 3.6 | 2.5 
5-20 | 5-25 
3 93/60} 110/50 | 255/ ee 162 | 0.38 | 0.37 | 0.31 | 0.17 | 220); 860); 8.8 5.4 
7-12 
Prior to |-110/85| 116/70 | 240/ 140/ 100 
surgery 35-55 | 45-60 
After 120/60 | 110/60 | 250/ ght 130 | 0.40 | 0.42 | 0.10 | 0.12 | 560 560 
surgery | 10-25 


* Systolic gradient between midleft ventricle and infundibular zone of left ventricle. 


Hg. ‘There was no neck vein engorgement. The 
maximum apical impulse was palpated in the fifth 
intercostal space at the anterior axillary line. A 
systolic thrill was palpable over the entire precordium 
and suprasternal notch. ‘The second sound at the 
aortic area was present. There was a grade 4, 
rough, systolic murmur with midsystolic accentuation 
heard at the second right and left intercostal spaces. 
It radiated into the neck, left sternal border, apex, 
and to the back in the left paraspinous areas. No 
diastolic murmur was present. 

Chest fluoroscopy revealed some cardiac enlargement 
with primary left ventricular predominance. No 
valvular calcification was visible. The electrocardio- 
gram showed sinus rhythm, normal QRS axis, inter- 
mediate heart position and left ventricular hyper- 
trophy. The vectorcardiogram revealed left ventricular 
hypertrophy. 

Left heart catheterization by the Brock technic'* 
revealed a systolic gradient of 162 mm. Hg between 
the ascending aorta and left ventricle (Table 1). 
The radial artery corrected upstroke time was within 
normal limits. The cardiac index was 5.4 L. per 
minute per M?. 

Open heart surgery was performed on March 18, 
1960. Pressures were taken prior to cardiotomy. 
There was a pressure gradient of 100 mm. Hg 
between the outflow tract of the left ventricle and 
the midleft ventricle. At operation the valve 
cusps were small but appeared normal. A _ sub- 
aortic fibrous ring was thought to be felt and was 
resected, but a pressure gradient persisted (Table 
1). The heart was bypassed a second time and 
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muscular hypertrophy at the left ventricular in- 
fundibulum was suspected. However, the patient’s 
condition became worse. Frothy sputum was seen in 
the intratracheal tube and the patient died. 

At autopsy, the aortic valve cusps appeared slightly 
thickened but otherwise normal. A remnant of a 
subaortic fibrous ring was noted, but the muscular 
portion of the outflow tract of the left ventricle was 
thickened. The entire left ventricle was hyper- 
trophied. No significant mitral valve obstruc- 
tion or regurgitation was found, but the mitral valve 
was thickened, apparently due to healed bacterial 
endocarditis. 


HEMODYNAMIC DATA 


The pertinent hemodynamic data are sum- 
marized in Table 1. In our three cases, central 
aortic and radial artery upstroke time was rapid, 
ranging from 0.06 to 0.10 second (normal, 0.10 
to 0.16 second). The slopes of the ascending 
limbs of the central aorta and radial artery 
pressures rose parallel to each other. The up- 
stroke slope of the left ventricle and ascending 
aorta were actually coincident in Case 3 fol- 
lowing incision of the subaortic ring. 

The total ejection time in both central aorta 
and radial artery was prolonged, ranging from 
0.35 to 0.41 second, compared to the normal 
range of 0.28 to 0.31 second.'® A double systolic 
wave was seen in the central aorta and pe- 
ripheral artery pressure curves. The first wave 
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Case 2. Left ventriculograms, lateral films. The opacification within 


the left ventricle demonstrated the narrowing (cone formation) in systole at 


the outflow tract. 
normal. 


was steep and synchronous with the left ven- 
tricular ascending limb. ‘The second wave was 
lower and smoother in contour. 

A withdrawal tracing from the midleft 
ventricle to the ascending aorta showed a long 
infundibular zone and a systolic pressure 
gradient varying from 56 to 162 mm. Hg be- 
tween the left ventricular cavity and infundib- 
ulum. Prior to open heart surgery in Case 3, 
there was a mild systolic and diastolic pressure 
gradient between the left ventricular outflow 
tract and ascending aorta. 

The radial artery double systolic peak was not 
simultaneous with central aortic peaks but 
followed the central aortic curve in a similar 
fashion. Both central and radial artery curves 
were similar. Maximum velocity (steepest 


Arrows indicate the areas involved. Valve cusps appear 
There is also a pectus excavatum present. 


portion of the upstroke) was the same in the 
central aorta and radial artery tracings in Cases 
1 and 2. The normal value in the peripheral 
artery is 750 to 1250 mm. Hg per second; in 
the central aorta!® we have found the normal to 
be 350 to 750 mm. Hg per second. In Case 3, 
before incision of the subaortic ring, the maxi- 
mum velocity was 220 mm. Hg per second in 
the ascending aorta, and 860 mm. Hg per second 
in the radial artery. After surgery the maxi- 
mum velocity was the same in both areas: 
560 mm. Hg per second (Fig. 4). 

The resting cardiac index was slightly below 
the normal range in Cases 1 and 2 and increased 
in Case 3. The end-diastolic pressure in the 
midleft ventricle was elevated although there was 
no clinical evidence of congestive heart failure. 
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Fic. 4. Comparison between simultaneously recorded pulses in left ventricle, centrat 
aorta and radial artery in subaortic and aortic stenosis. HHSAS = hypertrophic sub- 
aortic stenosis; S.G. = systolic gradient; U.T. = upstroke time (rapid); 
E.T. = ejection time; Lt. V. = left ventricle; D.N. = dicrotic notch; R.A. = 
radial artery; C.A. = central aorta; Synchr. = synchronism between the 
central aorta and left ventricular upstroke; Parall. = parallelism between the 
central aorta and radial artery upstroke; first wave: due to high flow velocity 
in early systole, early emptying of the infundibulum; second wave: due to 
muscular obstruction; late activation of the outflow tract hypertrophy of left 


ventricle. 


COMMENTS 


CLINICAL FEATURES 


We have described three cases of hypertrophic 
subaortic stenosis. ‘The clinical characteristics 
of this disease are as follows: A systolic thrill 
is palpable at the fifth left intercostal space; 
the aortic sound is normal; there is a harsh, 
holosystolic murmur with midsystolic accentua- 
tion. It is maximal inside the apex near the 
fifth left intercostal space. The same murmur, 
but with less intensity, can be heard along the 
left sternal border, over the precordium, and at 
the aortic area; it may or may not radiate well 
into the neck. In Case 3, however, in which 
there was also a subaortic fibrous ring, the 
murmur radiated well into the neck. 

The electrocardiogram and_ vectorcardio- 
gram reveal left ventricular hypertrophy with 
inverted T waves and depressed S-T segments. 
The roentgenograms of the chest and fluoros- 
copy demonstrate cardiac enlargement due to 
an increased left ventricular mass. No intra- 
cardiac calcification is visible. 


HEMODYNAMIC FINDINGS 


Normally the pulse contour of the central 
aorta is similar to the left ventricular contour 
and has an inverted U-shaped appearance. 
The corrected upstroke time in patients with 
normal aortic valves'® is 0.18 to 0.24 second in 
the ascending aorta. There are changes in 
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both time and contour, as the arterial pulse 
proceeds to the periphery. The radial or 
brachial pulse exhibits a more rapid ascent to a 
later or simultaneous and yet higher peak. 
The normal peripheral pulse contour reveals a 
more rapid upstroke time than in the central 
aorta. The normal range in the radial artery 
is 0.10 to 0.16 second.“ Therefore, if both 
pulses mentioned are simultaneously recorded, 
one sees some difference in their arterial up- 
stroke time and slope (Fig. 4). 

In our cases of hypertrophic subaortic ste- 
nosis, the hemodynamic aspects were quite 
unusual. The following characteristics were 
noted. 

Rapid Upstroke Time: In contrast with the 
normal curves just mentioned, the upstroke 
slope rose very quickly in both the central aorta 
and radial artery, demonstrating an early 
ejection of blood at the opening of the aortic 
valve. The following mechanism is suggested. 
We know by experimental electrocardiography 
that the outflow tract of the left ventricle is the 
last portion of the left ventricle to be depolar- 
ized.” In hypertrophic subaortic stenosis, the 
muscular portion of the outflow tract is hyper- 
trophied and is the last part of the ventricle to 
be activated. During early systole there is 
early emptying of the infundibulum, and the 
flow of blood is ejected with high velocity, but 
the subaortic muscular portion intervenes 
promptly to block the ejection of blood and 
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Case 3. 


Before surgery...... After surgery 


Fic. 5. Arterial pulse contour in three cases of hypertrophic 
subaortic stenosis. Note the rapid upstroke time, the 
parallelism between the central aorta (CA) and radial 
artery (RA) ascent in Cases 1 and 2 and the synchronism 
between the central aorta and left ventricular (LV) 
upstroke in Case 3, after surgery. 


leaves a significant residual amount of blood 
in the ventricle. This can be demonstrated 
during the ventricular angiograms (Figs. 2 
and 3). 

This mechanism would also explain the very 
interesting finding of two systolic waves; one 
in early systole and the other produced during 
late contraction of the outflow tract of the left 
ventricle. The double systolic wave is cer- 
tainly unique in the field of pulse contour and 
probably, by itself, represents a diagnostic 
feature of subaortic stenosis (Fig. 4). 

The muscular obstruction is formed by a 
hypertrophied ventricular septum and a thick 
muscular wall at the outflow tract of the left 
ventricle. This builds a narrow and tortuous 
channel which can be demonstrated during left 
ventricular angiography (Figs. 2 and 3). In 


comparison, when aortic valve stenosis is pres- 
ent, the ejection of blood is forced out into the 
aorta in a turbulent way, through a fixed small 
orifice. ‘Thus, a slow upstroke is produced, and 
the tighter the aortic orifice, the longer the 
upstroke slope. The aortic systolic peak is 
single, occurring later in systole, and is often 
simultaneous with the peripheral arterial peak. 

Synchronism between Left Ventricular and Central 
Aortic Curve: As demonstrated by Soulié,!8 
the aortic pressure curve rises as soon as the 
valve opens synchronously with the ventricular 
upstroke (Fig. 5). The radial artery pulse also 
rises quickly, parallel to the aortic pulse. In 
contrast, in aortic valvular stenosis, the aortic 
curve angles sharply in a slow stroke to form an 
inverted V-shape. 

There was a marked change in pulse con- 
tour prior to and after separation of a subval- 
vular ring (Case 3). The demonstration of the 
inverted V-shape central aorta pulse before, the 
synchronism among the upstroke times of the 
simultaneously recorded left ventricle; central 
aorta and radial artery pulses after incising the 
ring but without relieving the muscular hyper- 
trophy, was further indication of the specificity 
of pulse configuration in the entity under dis- 
cussion (Fig. 5). 

Johnson’® mentioned concerning functional 
infundibular pulmonic stenosis of the contractile 
type that “the infundibular wave will coincide 
with the right ventricular at the start of its 
upstroke, but the infundibular diastolic descent 
will overlap that of the right ventricle by about 
0.1 second.”” The same parameters are applied 
to the left side of the heart. We have noted 
in Cases 1 and 2 that the infundibular contrac- 
tion which will result in complete occlusion 
between the left ventricle and infundibulum 
commences 0.10 and 0.12 second, respectively, 
after that of the left ventricle activation. The 
infundibular contraction corresponds to the 
second systolic wave in the central aortic pulse 
(Fig. 4). 

Prolonged Ejection Time: Due to later contrac- 
tion of the hypertrophied muscle, there is a 
double systolic wave. An ejection time of 0.35 
to 0.42 second in the central aorta and pe- 
ripheral artery is certainly prolonged compared 
with the normal of 0.28 to 0.31 second.’ 
Benchimol et al.,?° using indirect arterial studies, 
have mentioned two cases of muscular sub- 
aortic stenosis in which the total ejection time 
was prolonged and there was a quick rising 
pulse. In our direct simultaneous recordings 
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FE" Fic. 6. Withdrawal tracings during retrograde left heart catheterization in hypertrophic subaortic stenosis 
jin Cases 1, 2 and in Case 3, which was also associated with a subaortic ring. In the latter case,! there is also 
a mild systolic gradient across the aortic valve, due to the subaortic ring. 


of central aorta and peripheral artery, we are in 
agreement with their findings of prolonged total 
ejection time, but we have not found a well- 
defined incisural dicrotic wave. 

Repercussion-like Wave: Alexander,” in animal 
experimentation, has demonstrated that the 
standing wave oscillation (major wave being 
the dicrotic) is reproduced at the same time in 
the central aorta and peripheral artery. In 
our cases of hypertrophic subaortic stenosis, it 
is to be noted that the peripheral oscillation 
wave occurs after the aortic, and the whole 
peripheral artery curve seems to be a repetition 
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of the central aortic pulse. Hence the term 
‘‘repercussion-like’’ wave is used. 

Premature Ventricular Contraction Phenomenon: 
We have observed in our cases the “premature 
ventricular contraction phenomenon,” as men- 
tioned by Brockenbrough.” The beats fol- 
lowing premature ventricular contractions al- 
ways exhibited lower arterial pulse pressure 
than did the normal beats, i.e., arterial pulse 
pressure varied inversely with left ventricular 
systolic pressure and with the duration of systole. 

Infundibular Area: During retrograde aortic 
catheterization, one may demonstrate the in- 
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fundibular stenosis nicely by withdrawal of the 
catheter from the midleft ventricle to the aorta 
(Fig. 6). One may also demonstrate the approx- 
imate length of the infundibulum by taking a 
spot x-ray film as soon as systolic pressures 
change and again when diastolic pressures rise 
to aortic level. Thus, one may be able to esti- 
mate the length in centimeters of the hyper- 
trophic area. It is interesting to note that in 
Cases 1 and 2 a No. 8 NIH catheter was easily 
passed across the aortic valve many times with- 
out significant difficulty. This is not usually 
as easily performed in aortic valve stenosis. 

Angiocardiography: The angiocardiogram done 
by retrograde catheterization shows a normal 
valvular contour, a very thick left ventricle and 
marked reduction of opacifying dye during 
systole, at the outflow tract of the left ventricle. 
Thus, there is a cone formation followed by a 
tortuous narrow channel (which is about 3 to 
4 cm. below the valve) which disappears during 
diastole (Figs. 2 and 3) and reappears with each 
ventricular contraction. 


SUMMARY 


Three cases of hypertrophic subaortic stenosis 
are presented. The following clinical and 
hemodynamic characteristics are demonstrated: 

1. A diamond-shaped holosystolic murmur 
was present at the fifth left intercostal space, 
inside the cardiac apex; the aortic second sound 
was well heard. The murmur was less intense 
at the base and not transmitted well into the 
neck. 

2. There was synchronism of the rapid up- 
stroke time and slope of the simultaneously 
recorded left ventricular and central aortic 
pressure curves. Also present was a parallelism 
of the radial artery upstroke time with that of 
the central aortic pressure curve. A prolonged 
ejection time was seen and a large secondary 
systolic wave, representing the subaortic mus- 
cular obstruction, was noted. 

3. It is our belief that the unusual central 
and peripheral arterial pulse contour in hyper- 
trophic subaortic stenosis represents, by itself, 
a diagnostic feature of this disease if not compli- 
cated by other anomalies. 

4. The beats following premature ventricu- 
lar contractions always exhibited lower arterial 
pulse pressure than did the normal beats. 

5. Angiocardiography showed a cone for- 
mation and marked diminution of the outflow 
tract lumen during systole, about 3 cm. below the 
valve, and normal contour of the valvular cusps. 


6. Of special interest is that two of the three 
patients had subacute bacterial endocarditis, 
responding to penicillin therapy. 

7. One patient died following attempted 
surgical correction of the hypertrophic sub- 
aortic stenosis. 
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Cardiac Involvement in a Peculiar Form of 


Paramyloidosis™ 


EpuUARDO COELHO, M.D. and J. CORTEZ PIMENTEL, M.D. 


Lisbon, Portugal 


RIMARY AMYLOIDOSIS may be one of the causes 
P of myocardial insufficiency.! A review? 
of seventy-one cases revealed that there was 
congestive cardiac insufficiency in 56 per cent. 
In the differential diagnosis of the etiology of 
congestive cardiac insufficiency of obscure origin 
the possibility of primary amyloidosis must not 
be overlooked. Clinically and electrocardio- 
graphically it also may simulate myocardial 
infarction or chronic constrictive pericarditis. 
Pericardiotomy has been carried out in a case 
of paramyloidosis because of a mistaken diag- 
nosis of constrictive pericarditis.’ 


CLINICAL FEATURES 

We may divide primary amyloidosis into 
two distinct types with different clinical and 
pathologic features. The first, corresponding 
to paramyloidosis, has evolved as a serious “‘heart 
disease”’ in which cardiac symptoms and clini- 
cal, hemodynamic and _ electrocardiographic 
signs depend on the amount and the distribu- 
tion of amyloid substance in the myocardium. 
The electrocardiographic changes may resemble 
those of myocardial ischemia and infarction.‘ 
When the amyloid process is more generalized 
the clinical features may resemble those of 
constrictive pericarditis. The second type is 
a peculiar form of primary amyloidosis com- 
mon in Portugal.5~*® Publishing seventy-four 
cases in 1952, Andrade” made the diagnosis 
for the first time in Portugal. 

The main features of this second type of 
amyloidosis are a familial relationship and in- 
volvement of the peripheral nervous system. 
The disease, beginning in the second, third or 
even fourth and fifth decade of life, is progres- 
sive. 

The clinical picture includes gastrointestinal 
disturbances, alterations of sensibility and motil- 


ity of polyneuritic type, sexual impotencyin men, 
sphincter alterations, and trophic lesions of the 
skin and of the skeleton in the form of perfo- 
rating ulcers of the foot or mutilation of the toes 
or of the metatarsus, as we noted in two cases. 
The gastrointestinal disturbance is fundamental. 
We observed a malabsorption syndrome, which 
was confirmed by xylose tolerance test (Ben- 
son’s method). The neurologic alterations 
begin in the extremities of the legs. Sensi- 
tivity to heat and pain is first affected; then 
sensitivity to touch; and later deep sensitivities, 
especially postural sense. Motor disturbances 
usually begin in the extensor muscles of the 
feet and have the characteristics of peripheral 
paralysis with atrophy and disappearance of the 
tendon reflexes. None of our cases of this type 
showed macroglossia; in one there was atrophy 
of the tongue. In cases studied in our depart- 
ment the Congo red test (Benhold) proved to be 
of no value in diagnosis. Biopsy of the skin 
confirmed the diagnosis of amyloidosis in most 
of the cases. 


CARDIAC MANIFESTATIONS 


We have studied the cardiac manifestation of 
thirty-four cases. None of the thirty-four patients 
had symptoms of congestive cardiac insufficiency 
but three complained of precordial pain. None 
showed other clinical symptoms of myocardial 
involvement. Since the clinical picture was 
dominated by the neuropathy, some symptoms 
of myocardial insufficiency may have been 
masked by the neuromuscular alterations. The 
patients showed no alterations of cardiac sounds 
except two with a loud second aortic sound. 
The blood pressure reached 200/100 mm. Hg in 
one patient but was normal or low in all the 
others. 

X-ray examination showed either a slight in- 


* From the Center of Cardiology of the ‘‘Instituto de Alta Cultura” and Institute of Pathology, Faculty of Medicine 


of Lisbon, Lisbon, Portugal. 
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TABLE I 
Cardiac Catheterization Findings in Three Cases 


Pressure (mm. Hg) 
Case 
No. Right Right 
Ventricle Atrium 
36/10 10/4 
16 37/10 10/2 
20 36/12 10/4 


crease in the size of the heart or distinct hyper- 
trophy of the left ventricle. In one patient 
the ascending aorta was dilated and in two, the 
branches of the pulmonary artery were well 
marked. 

Hemodynamic Changes: Right heart cathe- 
terization in three cases (Table 1) disclosed signs 
of impaired diastolic filling, as seen in constric- 
tive pericarditis. The right ventricular dias- 
tolic pressure was increased in all three cases; 
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the systolic pressure was slightly above normal 
levels. 


ELECTROCARDIOGRAPHIC FINDINGS 


The electrocardiogram and vectorcardiogram 
may disclose important alterations which es- 
cape clinical detection. These include dis- 
turbances of rhythm, changes in the P waves, 
P-R interval, voltage and duration of QRS, 
and S-T segment, deviation of the mean ven- 
tricular electrical axis, as well as the characteris- 
tic signs of localized damage to the myocardium. 

Electrocardiograms were obtained on thirty-four 
patients with this special type of paramyloido- 
sis. Sinus rhythm was present in all. Twenty 
of the thirty-four patients showed important 
alterations, including extrasystoles, left ven- 
tricular hypertrophy, right ventricular hyper- 
trophy, incomplete A-V block, right bundle 
branch block, left bundle branch block and 
signs of ischemia (Table nm). The electro- 
cardiographic alterations represent the dif- 
ferent localizations of the amyloid substance in 


TABLE 1 
Electrocardiographic and Vectorcardiographic Alterations in Twenty Cases of Paramyloidosis 


| | Predominant Clinical Findings Electrocardiogram Vectorcardiogram Biopsy 
1 35,M | Peculiar peripheral neuropathy P-R increased (0.24 sec.) ; LBBB, LVH Positive 
: | LBBB, LVH 
2 34,M | Peculiar peripheral neuropathy P-R increased (0.24 sec.) ; LBBB, LVH Positive 
LBBB, LVH 
3 34,M Peculiar peripheral neuropathy Ventricular waves decreased in — Positive 
the peripheral leads 
34, M Peculiar peripheral neuropathy LVH Positive 
5 64, F Peculiar peripheral neuropathy Disturbance of intraventricular 
| conduction 
6 | 33,M Peculiar peripheral neuropathy LBBB, LVH LBBB, LVH Positive 
Fs 60, M Peculiar peripheral neuropathy ; P-R increased (0.30 sec.) ; RVH and disturbances of Positive 
mutilation of the toes and RBBB conduction of final per- (autopsy) 
metatarsus tion of QRS loop 
8 38, M Peculiar peripheral neuropathy RBBB Positive 
9 41,M Peculiar peripheral neuropathy LVH LVH Positive 
10 65, M Peculiar peripheral neuropathy P-R increased (0.26 sec.) ; Positive 
sinus block 
11 43,M Peculiar peripheral neuropathy P-R increased (0.24 sec.) Positive 
12 28, M Peculiar peripheral neuropathy Primary alterations of repolar- Positive 
ization 
13 46, F Peculiar peripheral neuropathy Ventricular premature beats; Positive 
P-R increased (0.24 sec.) 
14 33, M Peculiar peripheral neuropathy Atrial premature beats; incom- LVH Positive 
plete A-V block; LVH 
15 46,M Peculiar peripheral neuropathy Atrial premature beats; LVH Positive 
16 29, M Peculiar peripheral neuropathy Incomplete A-V block; LVH Positive 
17 64, F Peculiar peripheral neuropathy Atrial premature beats; P-R 
increased (0.24 sec.); RBBB 
18 57, F Peculiar peripheral neuropathy; Atrial premature beats; sinus Decrease of terminal con- Positive 
hypertension (blood pressure, bradycardia; U wave greatly duction. LVH 
200/100 mm. Hg) increased; LVH 
19 54, F Peculiar peripheral neuropathy LVH LVH ‘s 
20 61,M Peculiar peripheral neuropathy LVH;; sinus bradycardia LVH Positive 
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Fic. 1. Family tree of the patient in Case 1. 


the myocardium, indicating predominant in- 
volvement of the specific tissues. Vectorcardio- 
grams in eight of these twenty cases with electro- 
cardiographic changes confirmed the diagnosis 
in some, altered it in others. Serial electro- 
cardiograms demonstrated that the alterations 
in the myocardium were progressive. For ex- 
ample, a prolonged P-R interval later pro- 
gressed to a more marked A-V block. 

In this type of paramyloidosis the percentage 
of cases with cardiac involvement was very 
high but there was no close correlation between 
the degree of peripheral neuropathy and altera- 
tions of the myocardium. Cases with severe 
neuropathy may show very slight alterations in 
the electrocardiogram. ‘Two patients died with- 
out showing clinical symptoms of congestive 
cardiac failure. At postmortem examination 
we studied the morphologic and histologic as- 
pects of the heart and the distribution of amyloid 
substance in the heart. : 


ILLUSTRATIVE CASES 


Case 1. This was a 41 year old woman whose 
complaints of intestinal disturbances and paresis 
of the legs began 14 years previous to examination. 
Three years later she was insensible to a burn of the 
leg from an excessively hot heating pad. Painless 
ulcers on both legs and disturbances of the bladder 
developed. Her mother, two brothers (also examined 
by us) and two sisters had the same disease (Fig. 1). 

Physical examination showed muscular atrophy of 
the small muscles of the hands, especially of the thenar 
eminences and first interosseous region; syringo- 
myelitic dissociation of sensibility in the arms and 
thighs; paralysis of extensor movements of feet and 
toes; paralysis of flexion of feet and legs; trophic 
alterations of the toes and total anaesthesia of the 
legs. Edema of the face and legs was evident. The 
blood pressure was 160/100 mm. Hg. X-ray films 
of the chest showed slight cardiomegaly. The patient 
died 24 hours after entering the hospital, before any 
other examinations could be made. 

Pathological Diagnosis: Autopsy revealed atrophy 
of the muscles, especially of the limbs; enlargement 
of the cardiac cavities; stasis of the liver; bilateral 
hydrothorax; hydropericardium; decubital ulcers 
in the gluteal region; foci of bronchopneumonia in 
the right inferior lobe. 


Macroscopic Description of the Heart: The heart was 
slightly larger than the body’s fist, weighing 345 
gm. ‘The cardiac cavities were slightly larger than 
normal. ‘The wall of the left ventricle was 1.5 cm. 
thick at the base and 0.8 cm. at the apex, the wall of 
the right ventricle was 0.7 cm. in thickness. All 
valves and valvular orifices were within normal 
limits. The endocardium was greyish white and- 
thickened, especially in the atria. The myocardium 
was pale red with no amyloid foci. Lugol’s test was 
negative. 

Microscopic Examination: Tricuspid and mitral valves. 
In both valves there were large quantities of amyloid 
substance in the form of large and small irregular 
blocks, especially on the surface. The deposits were 
especially heavy in the mitral valve. The fixed cells 
were greatly diminished in number. A papillary 
muscle showed very extensive deposits of amyloid 
substance; the muscular fibers had disappeared al- 
most entirely, leaving only a few nuclei, not prolifer- 
ated. There was no inflammatory reaction. 

Left atrium. The -endocardium (Fig. 2A) was 
considerably thickened and showed numerous ac- 
cumulations of amyloid substance in blocks of vary- 
ing shapes and forms spread diffusely through the 
whole thickness. ‘The myocardium (Fig. 2B) showed 
deposits in a ring around the muscular fibers corre- 
sponding to sarcolemma. ‘The greater quantities of 
the substance were in the subendocardial regions. 
The muscular fibers surrounded by the amyloid 
substance showed varying degrees of alterations: 
pyknosis, chromatolysis and karyolysis (Fig. 2C). 
Some were merely reduced to sarcoplasm or had 
even completely disappeared, leaving only the 
amyloid ring (Fig. 2D). There were no prolifera- 
rations of the nuclei of sarcolemma nor of the fixed 
elements of the connective tissue; there was no 
inflammatory reaction. 

Left and right ventricles. ‘The findings were similar 
to those in the atrium in both myocardium and endo- 
cardium (Fig. 3A). The greater quantities of 
amyloid substance and the correspondingly graver 


. alterations of the muscular fibers were in the suben- 


docardial regions. Moderate quantity of amyloid 
substance was present in the vessels (Fig. 3B). The 
septum showed the same alterations, particularly in 


the muscular fibers in the subendocardial -regions. 


Amyloid substance was noted in the vessels and nerves 
of the epicardium (Fig. 3C). In the epicardium 
there was mucoid infiltration. 

Summary of Pathologic Findings: The heart showed 
a degree of hypertrophy with amyloid deposits in 
the tricuspid and mitral valves, in the endocardium 
(thickened) and in the myocardium especially in the 
subendocardial zone. There were alterations in the 
muscular fibers and moderate amyloid deposits in 
the vessels. 


Case 2. A 60 year old man (Case 2, Table 1) 
entered the hospital for the first time in 1956, com- 
plaining of diarrhea, urinary incontinence and diffi- 
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Fic. 2. A, thickened endocardium with extensive amyloid deposits. B, amyloid deposits in the endocardium 
and subendocardial portion of the myocardium. C, transverse cut showing amyloid deposits in ring form 
around muscular fibers. D, detail of (C). Amyloid deposits on wall of vessels. 
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Fic. 3. 


Case 1. A, detail of amyloid depositsin ring form. Note that many of the muscular fibers are atrophied 


and in some cases have disappeared completely. B, another aspect of the ring form. C, amyloid deposit on 


the endoneurium of a nerve bundle of the myocardium. 


culty in walking caused by bilateral partial mutila- 
tion of toes. He died suddenly in 1960. The pre- 
senting illness began 10 years previous to the hospital 
admission, with complaints of paresthesia and burn- 
ing sensation in the legs and feet and intermittent 
claudication. One year later the patient noticed the 
appearance of an infected but indolent wound of the 
left big toe. Subsequently, similar wounds began 


to appear in all toes; the wounds suppurated abun- 
dantly and were accompanied by spontaneous 
painless elimination of osseous sequestrae. After 
3 years the patient complained of nonbloody diarrhea 
which proved resistant to treatment. By that time 
he noticed visual disturbances and progressive sexual 
impotence with loss of libido and difficulty in erec- 
tion. 
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Physical Examination: Clinical observation showed 
an emaciated patient, with pale skin and mucous 
membranes. He was without macroglossia. Car- 
diac and pulmonary examination were not remark- 
able. Blood pressure was 105/60 mm. Hg. The 
liver, spleen, kidneys and lymph glands were not 
enlarged. Neurologic examination disclosed decreased 
sensitivity to temperature and pain in the arms, with 
conservation of perception of touch. There was total 
anesthesia of the legs (involving sensations of tempera- 
ture, pain and touch), suppression of deep sensibility 
and pressure perception and abolition of patellar 
reflexes. Ophthalmologic examination disclosed normal 
pupillary reflexes. There were white hyaline de- 
posits at the level of the pigmented border of the 
pupillary margin (hyalinosis); scattered pigment in 
the anterior crystalloid layer; diffuse opacities of the 
crystalline lens; slightly deranged vitreous substance, 
without free opacities. The fundi were normal, 
showing only a decrease in pigmentation which 
clearly allowed the examination of the vessels of the 
uveal tract. 

Laboratory Examinations: Blood count: red blood 
cells 2.7 million per cu. mm.; hemoglobin 53 per 
cent; color index 0.96; white blood cells 4,600 
per cu.mm.; — differential count: polymorpho- 
nuclear neutrophils 42 per cent, eosinophils 1 per cent, 
basophils 1 per cent, lymphocytes 47 per cent, mono- 
cytes 9 per cent. Erythrocyte sedimentation rate 
(Westergren): first hour, 108 mm.; second hour, 
130 mm. Congo red test: 87 per cent dye retention 
after 60 minutes. Total serum bilirubin (30 minutes), 
3.4 mg. per 100 ml. Cephalin-cholesterol floccu- 
lation test positive; thymol turbidity test, 6 units. 
Serum total cholesterol 148 mg. per 100 ml.; choles- 
terol esters 89 mg. per 100 ml. Serum amylase 
80 Somoggi units per 100 ml.; serum lipase 0.2 
units per 100 ml. Glucose tolerance curve: fasting, 
74 mg. per 100 ml.; 30 minutes, 150 mg.; 60 
minutes, 114 mg.; 120 minutes, 67 mg.; 180 min- 
utes, 60 mg. \ 

ACTH test (Thorn): before ACTH injection, 
eosinophils 137 per cu. mm.; 4 hours after ACTH 
injection, eosinophils 75 percu.mm. Serum proteins, 
total 7.6 gm. per 100 ml.; albumin, 2.25 gm.; glob- 
ulins 5.35 gm. Serum protein electrophoresis: 
albumin, 34 per cent; a-globulin, 5.3 per cent, 
a2 globulin, 12.4 per cent; 6-globulin, 14.4 per cent; 
y-globulin, 33.6 per cent. Serum _ glycoprotein 
electrophoresis: albumin 2.3 per cent; a-globulin 
29.6 per cent; a-globulin 29.6 per cent; 6-globulin 
24.2 per cent; y-globulin 15.2 per cent. Serum 
lipoprotein electrophoresis: a-globulin 18.5 per cent; 
8-globulin 74.7 per cent; chylomicrons, 7.5 per cent. 

Serum CO, ‘‘combining power,” 19.6 mEq. per L.; 
potassium, 6.53 mEq. per L.; chloride 116.7 mEq. 
per L.; sodium 134.5 mEq. per L.; urea nitrogen 
55 mg. per 100 ml. Urinalysis: specific gravity 
1.010, reaction acid, proteins 0.1 gm.; creatinuria, 
0.73 mg. per 24 hours; 17 ketosteroids, 1.9 mg. per 
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24 hours; hydroxycorticosteroids, 10.2 mg. per 24 
hours; Bence-Jones proteinuria negative. Intestinal 
absorption: no data could be obtained in favor of 
malabsorption syndrome. 

Radiologic Examinations: Radiogram of the thorax 
showed no alterations of the cardiac shadow or lung 
fields. Results of radiograms of the stomach and 
duodenum were within normal limits. Deficient 
impregnation of the intestinal wall by the contrast 
substance was observed. Radiograms of the skeleton 
showed periosteal ossification of the soft parts, 
especially at the level of the right hip joint; slight 
increase of the inferior medullary cavity of the anti- 
brachial bones; medullary widening of the inferior 
femoral diaphysis; large osseous deformities of the 
metatarsophalangeal region and slight spondylar- 
throsis. 

Electrocardiogram: ‘The pattern of complete right 
bundle branch block was present. The vectorcardio- 
gram showed evidence of right ventricular hyper- 
trophy and impaired conduction in the final portion 
of the QRS loop. 

Tissue Biopsies: Muscle biopsy. Deposits of para- 
myloid substance were noted in the skin, aponeuro- 
sis and interstitial tissue of one muscle. Characteris- 
tic accumulations of paramyloid material were found 
in three nerves. Muscle atrophy was noted. Testic- 
ular biopsy. Deposits of amyloid substance were noted 
in the vessels. Liver biopsy. Nodular reticular 
proliferation (reticuloendothelial nodes) and foci 
of hyperplasia of the Kupffer cells were noted. Amyl- 
oid substance was present in the arterioles of the 
portal spaces. 

Cardiac Catheterization: Pulmonary blood: oxy- 
gen saturation, 70 per cent; oxygen content, 9.2 
volumes per 100 ml. Arterial blood: oxygen satura- 
tion, 95 per cent; oxygen content, 12.4 volumes per 
100 ml. 

“Pulmonary capillary’? pressure, 11/7 (9) mm. 
Hg; pulmonary artery pressure, 18/9 (12) mm. 
Hg; right ventricular pressure, 36/10 mm. Hg; 
right atrial pressure, 10/4 (7) mm. Hg. Cardiac 
output (Au), @-0.993; hepatic blood flow (Au!) 
K-0.1715. 

Pathologic Diagnosis: Necropsy disclosed absence 
of the right fifth toe and left first toe; extensive trophic 
lesions of the skin in the feet; marked congestion 
of the intestinal mucosa; slight bilateral hydro- 
thorax; bilateral cylindrical bronchiectasis; _bilat- 
eral pulmonary emphysema; edema of the lower 
lobes of the lung and decubital ulcers. 

Macroscopic Description of the Heart: The size of the 
heart was the same as the fist, weighing 275 gm. 
The cusps of the aortic, tricuspid and mitral valves 
showed slight thickening of their faces due to the pres- 
ence of a pinkish-gray opaque tissue. The cardiac 
cavities were of normal size. The wall of the left 
ventricle was slightly thickened. The myocardium 
was soft in consistency and had a brownish-gray 
color. The coronary arteries were sinuous but had 
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Fic. 4. Case 2. A, tricuspid valve. 


Extensive amyloid deposits in the myocardium. B, left ventricle. 


Amyloid deposits in the myocardium in the form of small rings. 


no atheromatous plaques. ‘The initial portion of the 
aortic arch showed no alterations, except a reddish 
color of the intimal layer. 

Microscopic Examination: Right atrium. ‘There were 
extensive accumulations of amyloid substance in the 
greatly thickened intimal layer. ‘These deposits 
formed a continuous layer in certain places (Fig. 
4A). The epicardium was narrow and also showed 
amyloid accumulations. In the myocardium, the 
amyloid substance was present in significant amounts 
and was arranged between the muscle fibers, form- 
ing a border around them. The muscle fibers so 
encircled showed alterations ranging from simple 
atrophy to complete disappearance. In the latter 
case, the amyloid substance either completely re- 
placed the muscle fiber or more frequently, was dis- 
posed around an empty space (“ring images’’). 
Between these two extreme stages some intermediary 
aspects were observed, consisting of sarcoplasm with 
pyknotic nuclei or even without nucleus. 

Right ventricle. ‘There were important accumula- 
tions of amyloid substance in the endocardium 
and myocardium, disposed mainly around the muscle 
fibers which lay nearest to the endocardium. There 
were vascular deposits which, however, did not ob- 
struct the vascular lumen. ‘The alterations of the 
muscle fibers in the places where the amyloid sub- 
stance accumulated were similar to those described 
for the atrium. In the ventricle, however, there was 


a more or less extensive atrophy of these fibers, even 
where extravascular accumulation of the amyloid 
material was not present. 

Left atrium. Findings in the left atrium were similar 


to those in the right ventricle. There were similar 
extensive deposits of the amyloid substance in the 
thickened endocardium and between the myocardial 
muscle fibers, particularly the longest ones. The 
lesions of the muscle fibers were similar to those de- 
scribed for the right ventricle. 

Left ventricle. Extensive foci were present consti- 
tuted by an amorphous, homogenous and eosino- 
philic substance and stained red by Congo red and 
gentian violet dyes. In these places, the muscle 
fibers were atrophied and in many sites were com- 
pletely absent (Fig. 4B). In transverse cuts of the 
myocardial muscular fibers, there were deposits of 
the substance described previously which assumed 
the form of a ring. These rings were empty or 
encircled a muscle fiber in a more or less advanced 
stateofatrophy. Inthe subendocardial portion of the 
myocardium, this substance often constituted a con- 
tinuous accumulation assuming the aspect of a band 
with very definite limits. Focal or diffuse accumula- 
tions of the same material were observed in the wall 
of some myocardial arteries and veins. Similar 
deposits were also found in the endocardium. In the 
pericardium some small accumulations of the same 
material were also found in the wall of some vessels. 
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Septum. The accumulations of amyloid substance 
were also very extensive in the interventricular sep- 
tum, particularly in the endocardium in which they 
were arranged as a continuous band following the 
contour of the cardiac cavity and bordering a certain 
distance from it. ‘The amounts of amyloid material 
and the corresponding alterations of the muscle 
fibers were much more significant in the subendocar- 
dial layers. 

Tricuspid and mitral valves. In both atrioventricular 
valves the amyloid deposits were very prominent, 
and the amyloid substance was arranged either in 
isolated masses of various sizes or acquired a restricted 
aspect at the surface; the cells (fibrocytes and fibro- 
blasts) were very scanty (Fig. 4A). 

Summary: There were extensive accumulations of 
amyloid substance in all layers of the heart, especially 
the endocardium and the subendocardial muscle 
fibers. Vascular deposits were present, especially 
in the greater vessels, but they were not very impor- 
tant and never caused obstruction of the vascular 
lumen. However, several zones in the right ventricle 
showed very significant atrophy of the muscle fibers 
in which accumulations of the amyloid material was 
not present. Inflammatory reactions or foreign 
body reactions due to the presence of the amyloid 
material have not been observed. 


COMMENTS 

The incidence and the degree of cardiac 
involvement are closely related to the anatom- 
icoclinical type of amyloidosis. The larger 
deposits of the amyloid substance occur in the 
first type of paramyloidosis'!—* and frequently 
the alterations in the heart may predominate 
over involvement of other organs.*!~% The 
heart is also a constant site of amyloid deposits 
in the second type of paramyloidosis, however. 
In the first postmortem study of this condition 
made in Portugal, Wohlwill® referred to the 
presence of deposits in the pericardium and 
myocardium. Furtado, Gonglaves and Car- 
valho® confirmed this and Horta® again called 
attention to the importance of cardiac involve- 
ment. The macroscopic appearance of the 
heart is similar to that in the first type of para- 
myloidosis. The heart is usually somewhat 
larger than normal, the cavities are dilated and 
the ventricular walls are thickened. The 
myocardium, especially in the ventricles, may 
be rather rigid but generally not to the extent 
that the cavities of the heart fail to collapse 
when the heart is taken from the body, as 
happens in the severe cardiac forms of the first 
type. Sometimes the myocardium is greyish- 
red and may have yellow patches. In no 
case did we observe a clearly lardaceous aspect; 
Lugol’s test also was regularly negative. The 
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atrial endocardium showed over-all thickening; 
one case had small transparent pink nodules 
and wheals in the pericardium. 

Microscopic examination showed that the sub- 
stance is deposited in the layers of the heart as 
in the first type of paramyloidosis. In the 
endocardium, which is generally thickened and 
edematous, we found deposits in the form of 
lumps or bands of varying sizes and shapes, 
and sometimes arranged in layers. In the peri- 
cardium the substance was generally in the 
walls of the vessels and in the fascicule of the 
nerves. These deposits in the nerves may be 
found in the perinervium or in the endonerv- 
ium, and in the latter case, either inside or 
outside the vessels, in the form of spheres. In 
the myocardium the deposits occur either in the 
interstitium or in the walls of the vessels. The 
only difference from the serious cardiac forms 
of the first type is that the deposits are smaller. 
We must, however, call attention to the fre- 
quency with which deposits were observed in 
the subendocardial portion of the myocardium 
and to the fact that in all the cases these de- 
posits occurred in a continuous band of fairly 
regular thickness. 


SUMMARY 


Heart disease is common in paramyloidosis. 
The clinical and pathologic features can be 
divided into two fundamental types. In the 
first type serious cardiac insufficiency is pre- 
dominant and the patients die from congestive 
heart failure. The second type is familial, 
a peculiar peripheral neuropathy is the predomi- 
nant lesion and patients die from cachexia. 
Patients with the first form may present a 
clinical, electrocardiographic and hemodynamic 
picture simulating ischemia or infarction of the 
myocardium or chronic constrictive pericarditis, 
or diffuse fibrosis of the myocardium. Patients 
of the second type have cardiac abnormalities 
in the electrocardiogram such as right or left 
bundle branch block, left ventricular hyper- 
trophy, atrioventricular dissociation and signs 
of ischemia. The Congo red test is usually 
negative. 

It is almost always possible to diagnose car- 
diac paramyloidosis of the first or second form in 
living patients by biopsy of the skin. 
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Ventricular Aneurysm 


Fourteen Cases Subjected to Cardiac Bypass Repair Using 


ERIOUS AND even fatal cardiac lesions may 
S result from myocardial necrosis in patients 
surviving the initial episode of coronary oc- 
clusion. Among the lethal complications are 
rupture of the ventricle, perforation of the ven- 
tricular septum, rupture of a papillary muscle, 
mural thrombosis with embolization, and ven- 
tricular aneurysm. The most common of these 
_complications is aneurysm of the left ventricle 


which has been reported in 10 to 38 per cent’ 


of patients. The diagnosis frequently may 
be made early by the characteristic electro- 
cardiographic and roentgenographic findings. 
However, many cases go undiagnosed and the 
patient later dies from congestive heart failure, 
rhythm disturbances, thromboembolic episodes 
and repetitive infarctions. Early recognition is 
becoming more important with the advent of 
successful cardiac surgery. 


Sternberg® reported only three cases of ventricular 
aneurysm diagnosed antemortem until 1914. Early 
reference to cardiac aneurysm was made by Baillow,® 
Barrich,’ Dionis,* and others during the seventeenth 
century, but these authors probably described other 
varieties of cardiac dilatation not secondary to myo- 
cardial infarction. Reports by Galeati® and John 
Hunter" in 1757 referred to the specific type of ven- 
tricular aneurysm which is a complication of myo- 
cardial infarction. John Hunter” described a lesion: 
“At the apex it was forming itself into a kind of an 
aneurysm becoming very thin; this part was lined 
with a thrombus just the shape of the pouch in which 
it lay.” Cruveilhier™ in 1816 first attributed the de- 
velopment of aneurysm to myocardial fibrosis more 
than 60 years before Cohnheim” introduced the mod- 
ern concept of coronary sclerosis or thrombosis as a 
cause of myocardial ischemia. Sternberg? in the early 
twentieth century recognized four stages of its de- 
velopment: a stage of anginal attacks; a stage of in- 
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farction and pericarditis; a latent period; and a 
terminal phase of aneurysm development and con- 
gestive heart failure or sudden death. Moreover, he 
pointed out the pathologic correlation and potential ' 
value of roentgenography in its diagnosis. In 1922) 
Sézary and Alibert'® were the first to diagnose a ven- 
tricular aneurysm by this means. Since that time the 
diagnosis has been simplified and other reports have 
appeared dealing with sizable series of cases which 
were diagnosed clinically.“ 


The origin of aneurysms of the ventricle may 
be congenital or acquired. In the latter in- 
stance the lesion may be secondary to trauma or 
coronary occlusion, but occasionally is due to 
gummatous syphilis, infective endocarditis or 
rheumatic necrosis of the myocardium. Stern- 
berg® found that of 207 published cases of 
cardiac aneurysm, 174 (84.1 per cent) were due 
to coronary occlusion. Formation of a ven- 
tricular aneurysm following infarction is re- 
lated to the distance the necrotic zone pene- 
trates the myocardium. Inadequate rest and 
the presence of systemic arterial hypertension are 
important factors in the pathogenesis of ven- 
tricular aneurysm. Schlichter, Hellerstein and 
Katz’ analyzed 102 cases of ventricular aneu- 
rysm and concluded that only twenty-four had 
adequate rest after the acute occlusion. In 
their series 67.7 per cent of the patients had 
diastolic hypertension and 26 per cent had val- 
vular lesions which contributed to the cardiac 
work load. Aneurysms of the ventricle may 
develop within 2 days or as late as 10 years after 
the acute infarction.” 

Pathologic findings in ventricular aneurysms 
vary widely. The right ventricle is rarely in- 
volved, Appelbaum and Nicolson! reporting only 
one out of fifty-six cases in their series. In 
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A 


Fic. 1. Case 1. 


B 


Roentgenograms before and after excision of an aneurysm of the left ventricle. 


A, the aneurysm extends laterally and superiorly; paradoxica] pulsation was evident fluoroscopi- 
cally. B, 14 months after operation the cardiac silhouette has improved and moderate left ventricu- 


lar hypertrophy persisted. 


order of frequency the site of involvement in the 
left ventricle is the apex, anterior wall, posterior 
wall and finally the interventricular septum. 
Mural thrombosis is common; _ Schlichter* 
reported an incidence of 53.9 per cent in“con- 
trast to an incidence of 21.2 per cent in eases 
of myocardial infarction without aneurysm. 
Peripheral embolization from spontaneous dis- 
lodgment of thrombi is not uncommon, par- 
ticularly in the presence of cardiac arrhythmia. 
Occasionally the clot becomes calcified and even 
ossified. Hanbury'® reported the case of a 
patient with left ventricular aneurysm with 
calcification who survived 28 years after the 
original myocardial infarction. This lends 
support to the idea that calcification of the 
aneurysm indicates a favorable prognosis. 

The prognosis varies widely depending upon the 
extent of the lesion, the degree of coronary 
insufficiency and the condition of the remainder 
of the myocardium. Master et al.,!” in an ex- 
tensive review of 553 patients with coronary 
occlusion or insufficiency, described ten pa- 
tients with ventricular aneurysm. Four pa- 
tients died; one patient, a physician, was alive 
and well 29 years after the acute occlusion. 
These authors stated, ““The benign course of 
ventricular aneurysm in many patients is well 
known, and is borne out in our patients many 
of whom lived more than 10 years and have 


been working.” Others have a less optimistic 
view of the prognosis in ventricular aneurysm. 
Schlichter et al.* stated that the prognosis was 
half as favorable in patients with an aneurysm 
following myocardial infarction as in others. 
In a collected series of cases with cardiac 
aneurysm, 73 per cent died within 3 years and 
88 per cent died within 5 years. Of interest 
was the fact that rupture was a relatively in- 
frequent cause of death in ventricular aneurysm. 
Appelbaum and associates! described only nine 
perforations in 150 cases. The cause of death 
in 70 per cent of Schlichter’s* cases was con- 
gestive heart failure. Presence of the non- 
contractile sac in the anterior surface of the 
ventricle impairs the normal ejectile force of the 
left ventricle, significantly reducing cardiac 
output. For example, De Camp,!* who em- 
ployed cardiac catheterization in study of a 
patient with left ventricular aneurysm, demon- 
strated a cardiac output of 1.6 L. per minute 
compared to an expected normal output of 
4 L. per minute. 

Surgical treatment of aneurysm of the left 
ventricle was first attempted by Beck!® in 1944. 
In this case he incised the pericardium around 
the aneurysm leaving the pericardium adherent 
to the lesion. A fascia lata graft was then 
sutured to the adherent pericardium and pli- 
cation sutures were taken centrally to reduce the 
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size of the aneurysm and graft. The patient 
died 5 weeks later with empyema and encephalo- 
malacia. Murray”? 3 years later reported 
experimental excision of myocardial infarcts 
and demonstrated an increase in cardiac output 
by removal of the “expansion chamber.” 
Bailey and associates” in 1958 reported surgical 
excision with ventriculoplasty in six patients 
with aneurysms secondary to myocardial in- 
farction with five survivors. The first patient 
in their series was operated upon in 1954 with a 
good result. Likoff and Bailey? stated that the 
method of tangential excision with a special 
clamp was simple and effective and that the 
“flush out” technic controlled the problem of 
embolization from the mural thrombi. In their 
opinion the use of an open technic using cardio- 
pulmonary bypass was not justified under these 
circumstances. In 1956 De Camp!* operated 
upon a 65 year old patient by a similar closed 
technic, but the patient died 8 days after opera- 
tion from hemorrhage and possible recent in- 
farction. 

We previously reported a successful excision 
of a massive left ventricular aneurysm using the 
pump oxygenator for temporary cardiopul- 
monary bypass in six patients with good re- 
covery.”* Open repair of left ventricular aneu- 
rysm was recommended because it permitted 
accurate excision of the sac, preserving function- 
ing myocardium, papillary muscles and chordae 
tendineae of the mitral valve. Lillehei,** too, 
has used this method successfully. 
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Fic. 2. Case 2. Roentgenograms of chest before excision of an aneurysm of the left ventricle. 
A, posterioanterior view. The aneurysm extends laterally andsuperiorly. B, lateral view. The 


CasE REPORTS 


Fourteen patients undergoing excision of 
aneurysms of the left ventricle using the tem- 
porary cardiopulmonary bypass will be pre- 
sented in detail, including the clinical and 
physiologic data, with a discussion of the possible 
effectiveness of surgical treatment and its in- 
fluence upon cardiac function and survival. 


Case 1. I. N., a 50 year old man, was admitted to 
Methodist Hospital on January 13, 1958, with severe 
exertional dyspnea and a history of coronary occlu- 
sion 3 months previous to admission. Blood pressure 
prior to tMe infarction was 170/100 mm. Hg and at 
one time several years previously was recorded at 250 
mm. systolic. After the infarction his blood pressure 
was stable at about 120/90. He remained in bed 10 
weeks with congestive heart failure and angina pec- 
toris relieved by digitalis and nitroglycerine. 

Physical examination revealed moderate obesity and 
cardiac enlargement. The electrocardiogram dis- 
closed an extensive infarction of the anterior wall and 
roentgenograms showed a large aneurysm of the left 
ventricle (Fig. 1A). Cardiac catheterization was not 
performed. 

Operation was performed January 17, 1958, using 
complete cardiopulmonary bypass. ‘The aneurysm 
was located in the anterior and apical portion of the 
left ventricle and was completely excised. Ventric- 
ulorrhaphy was performed on the large defect and 
recovery was satisfactory. He was dismissed from the 
hospital 18 days later. 

Follow-up Study: A letter from his referring physi- 
cian received March 16, 1959 stated that the patient 
was supporting himself as a truck farmer. He had 
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636 Chapman, Amad and Cooley 
TABLE I 
Right Heart Catheterization Findings in Twelve Cases of Ventricular Aneurysm 
Pressures (mm. Hg) 
Cardiac 
When 
Performed Pulmonary Pulmonary Right (L /M2) - 
Capillary Artery Ventricle 
z Before 30 66/32 68/4 1.59 
After (6 weeks) R 10 25/10 25/0 1.84 
E 10 28/10 28/0 3.6 
3 Before R 18 40/20 40/5 1.5 
E 1.6 
After (2 months) R 10 25/10 28/0 2.2 
E 13 38/14 38/0 3.7 
4 Before R 22 45/15 45/10 1.2 
E 30 60/18 60/10 1.4 
5 Before R 13 24/10 23/0 1.6 
E | Brachial artery 36/30 ree 
Shock and ventricular tachycardia 
After (2 months) R 12 24/10 24/0 1.5 
E 13 25/10 26/0 1.8 
6 Before R 14 28/12 30/0 1.36 
E 28 60/20 60/5 2.72 
7 Before 29 64/30 (E) 
68/29 68/14 1.57 (R) 
9 Before 25 47/18 46/0 | 1.2 (R) 
48/18 | 2.8 (E) 
10 Before 21 40/21 41/18 | Not done 
11 Before 22 54/20 60/27 | 1.6(R) 
12 Before 40 65/25 65/10 | 1.4 (R) 
13 Before 60/30 63/- 1.9 (R) 
70/40 (E) Sa 2.5 (E) 
14 Before 23 80/31 78/4 1.3 (R) 


Nore: R=resting; E=exercise. 


mild complaints of dyspnea on exertion and pain in 
the chest. His blood pressure was 150/100 mm. Hg, 
and pulse rate 86. A roentgenogram of the chest 
showed a relatively normal cardiac silhouette (Fig. 
1B). 


Case 2. W. M., a 48 year old man, was admitted 
to Veterans Administration Hospital on March 12, 
1958, with the complaint of severe anginal pain in the 
chest requiring as much as twelve to fifteen nitro- 
glycerine tablets daily for relief. The initial coronary 
occlusion occurred in 1948 although anginal pains had 
been present 3 years earlier. The patient experi- 
enced repeated bouts of anginal pain and coronary oc- 
clusion requiring bed rest and hospitalization on in- 
creasingly frequent occasions. He was dyspneic on 
mild exertion. 

Physical examination revealed a blood pressure of 
100/76 mm. Hg and evidence of left ventricular en- 
largement. The electrocardiogram demonstrated 
atrioventricular dissociation and extensive anterosep- 
tal infarction. Roentgenograms of the chest (Fig. 2) 
showed a left ventricular aneurysm which on fluoros- 
copy appeared to have paradoxical pulsation. 


Cardiac catheterization, performed March 24, 1958, 
revealed moderate pulmonary hypertension (66/32 
mm. Hg) with reduced cardiac output and cardiac 
index at rest (0.59 L. per minute per M?) (Table 1). 

Operation was performed on March 27, 1958, using 
the pump oxygenator for temporary cardiopulmonary 
bypass. A massive aneurysm of the left ventricle was 
excised, removing a sizable intraluminal thrombus 
(Fig. 3). The ventriculoplasty was extensive, being 
approximately 12 cm. long (Fig. 4). Recovery from 
operation was uneventful and he was discharged from 
the hospital June 6, 1958. 

Follow-up Study: The patient has had dramatic re- 
lief of the incapacitating angina pectoris. Roent- 
genograms of the chest made 9 months later revealed 
reduction in the size of the heart with a more normal 
contour (Fig. 5). Cardiac catheterization 6 weeks 
after operation revealed a reduction in pulmonary 
arterial pressure to a normal level (25/10) and sub- 
stantial increase in cardiac index (3.6 L.) (Table 1). 


Case 3. I. G., a 57 year old man, was admitted to 
Methodist Hospital June 26, 1958, with a history of 
an attack of acute myocardial infarction on January 
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Fic. 3. Case 2. Specimen of aneurysm of left ventricle 
removed intact. The sac is composed predominantly 
of fibrous tissue and is partly lined by organizing and 
laminated thrombus. 


15, 1958. He .was hospitalized for 7 weeks, but 
thereafter he experienced dyspnea of increasing se- 
verity and moderate anginal pains in spite of medical 
therapy. 

On examination, a blood pressure of 100/60 mm. Hg 
was recorded and there was evidence of cardiac en- 
largement. Cardiac catheterization (Table 1) revealed 
mild pulmonary hypertension (40/20 mm. Hg) and 
moderately reduced cardiac output (cardiac index 
1.5L.) 

Operation:, On July 1, 1958, excision of a massive 
aneurysm of the anterior and lateral surface of the left 
ventricle was performed during cardiopulmonary by- 
pass. ‘The lesion measured more than 10 cm. in 


Fic. 5. 


Fic. 4. Case2. Photograph of heart made at operation 
showing ventriculorrhaphy on anterior surface of left 
ventricle with multiple silk sutures. 


diameter. Recovery following operation was satis- 
factory and the patient was dismissed from the hospi- 
tal 12 days later. 

Follow-up Study: ‘Two months later he returned for 
cardiac catheterization which revealed a reduction of 
pulmonary arterial pressure to 25/10 mm. Hg. 
During exercise, the cardiac index increased 40 per 
cent (Table 1). Nine months following operation 
the patient has only mild exertional dyspnea and no 


Case 2. Roentgenogram of chest made before operation (A) and 5 months after operation 


(B) showing improved cardiac contour and reduction in cardiac size. 
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Fic. 6. 
of left ventricular aneurysm produced a marked improvement in cardiac configuration. 


angina. Recent roentgenograms of the chest reveal 
only mild cardiac enlargement. 


Case 4. T. B., a 56 year old man, was admitted 
to Methodist Hospital with a history of myocardial 
aneurysm diagnosed 14 months previously. Follow- 
ing the original acute episode he was hospitalized 
for 29 days. Roentgenograms 9 months later re- 
vealed a ventricular aneurysm. Except for occasional 
cardiac arrhythmia his symptoms consisted only of 
mild dyspnea and chronic fatigue. 

On admission to the hospital the blood pressure was 
120/60 mm. Hg and there were no cardiac murmurs. 
No rales were audible in the lungs. Roentgenograms 
(Fig. 6) revealed an aneurysm on the lateral aspect of 
the left ventricle which appeared to pulsate para- 
doxically during fluoroscopy. 

Cardiac catheterization revealed pulmonary arterial 
hypertension (45/15) which increased following exer- 
cise (66/18) and reduced cardiac index (1.2 L.) which 
did not increase during exercise (Table 1). 

Operation: On August 1, 1958 a resection of a ven- 
tricular aneurysm measuring about 8 cm. in diameter 
was performed using the pump oxygenator for tempo- 
rary cardiopulmonary bypass. Upon opening the 
aneurysm several loose thrombi of significant size were 
floating freely. ‘These apparently were dislodged dur- 
ing dissection of the pericardium off the lesion. 
These and the attached thrombi were removed. The 
aneurysm was accurately excised and ventriculor- 
rhaphy was performed. The patient made an un- 
eventful recovery and was dismissed from the hospital 
14 days later. 

Follow-up examination 8 months later revealed con- 
tinued clinical improvement. Roentgenograms of the 
chest showed an improved cardiac silhouette without 
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Case 4. Roentgenogram of chest before (A) and 8 months after operation (B). Removal 


aneurysm (Fig. 6). Itis planned to repeat the cardiac 
catheterization if the patient consents. 


Case 5.- L. U., a 45 year old man, was admitted to 
Methodist Hospital on October 12, 1958 with a diag- 
nosis of aneurysm of the left ventricle. Until January 
1, 1958, his health was excellent, but on this occasion 
he experienced the sudden onset of pain in the chest, 
diplopia and dizziness. Chest films made at that 
time were within normal limits. Following an auto- 
mobile accident in June 1958, roentgenograms re- 
vealed a ventricular aneurysm. ‘This lesion steadily 
increased in size until his admission to the hospital. 
His symptoms were of mild exertional dyspnea and 
minimal angina pectoris. 

On examination, the blood pressure was 120/90 mm. 
Hg and moderate cardiomegaly without murmurs was 
noted. The electrocardiogram revealed elevated S-T 


- segments in all precordial leads. Cardiac catheterization 


revealed a low cardiac index (1.6 L.) which was defi- 
nitely reduced following exercise with normal resting 
pressures. 

Operation: On October 13, 1958, excision of a 
large left ventricular aneurysm was performed utiliz- 
ing the pump oxygenator for temporary cardiopul- 
monary bypass. The aneurysm itself was almost 
spherical measuring 10 cm. in diameter with signifi- 
cant paradoxical motion. The patient’s course after 
operation was relatively uncomplicated and he was 
dismissed from the hospital on the twelfth day. 

Follow-up Study: ‘Two months later cardiac cathe- 
terization revealed good cardiac function with nor- 
mal pulmonary arterial pressures before and after 
exercise. The cardiac index remained low (1.5 L.). 
After 5 months he had gained 10 pounds and felt 
much improved. His blood pressure was 150/90 
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Fic. 7. Case6. Roentgenogram of chest showing massive left ventricular aneurysm. A, postero- 


anterior view. B, lateral view. 


Fic. 8. Case 6. 
Electrocardio- 
graphic evidence of 
extensive anterior 
infarction with dia- 


phragmatic involve- 


ment of indetermi- 


nate age. S-T seg- 
ment elevation was 


consistent with a 


diagnosis of ventric- 


mm. Hg and a roentgenogram of the chest showed a 
more normal contour of the left cardiac border. 


Case 6. W. C., a 49 year old man, was admitted 
to the Methodist Hospital on November 2, 1958 
with the diagnosis of massive left ventricular 
aneurysm. Three months previously he had ex- 
perienced severe substernal pain due to coronary oc- 
clusion. Following this he was completely incapaci- 
tated, experiencing dyspnea with minimal exertion 
and occasional angina. Subsequent roentgenograms 
of the chest revealed a ventricular aneurysm (Fig. 
7). 
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ular aneurysm. 


On admission the blood pressure was 110/75 mm. 
Hg with associated marked cardiomegaly. The elec- 
trocardiogram demonstrated extensive anterior in- 
farction of indeterminate age with persistent S-T seg- 
ment elevation (Fig. 8). 

Cardiac catheterization revealed pulmonary hyperten- 
sion following exercise (60/20) with a diminished car- 
diac index (1.36 L.). On fluoroscopy paradoxical 
motion of the aneurysm could be demonstrated. 

Operation was performed on November 6, 1958. On 
incising the pericardium, extreme dilatation of the 
heart ensued apparently due to loss of pericardial sup- 
port of the aneurysm, and cardiac arrest occurred. 
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Fic. 9. Case 6. 
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Roentgenograms of chest 4 months after operation showing reduction in cardiac 


size and normal configuration. A, posteroanterior view. B, left oblique view. 


The nonpulsatile sac was supported manually and 
massage restored a feeble cardiac action. Cannula- 
tion of the venae cavae via the right common femoral 
vein was hastily performed in the right side of the 
groin for venous outflow and the right femoral artery 
was cannulated for return of oxygenated blood. With 
support from the pump oxygenator to improve coro- 
nary flow, vigorous cardiac action returned permit- 
ting successful excision of the aneurysm. A large 
quantity of thrombus was removed with the speci- 
men of aneurysm, yet no embolic phenomena ap- 
peared after operation. The patient made an 
uneventful recovery and left the hospital 21 days 
later. 

Follow-up Study: Four months after operation he 
was receiving only a maintenance dose of digitalis and 
experienced minimal dyspnea on exertion. Roent- 
genograms of the chest showed a striking reduction in 
heart size and improvement in the cardiac configura- 


tion (Fig. 9). 


Case 7. L. J., a 63 year old man, was admitted 
to the Veterans Administration Hospital on April 28, 
1959. He had an anterolateral myocardial infarction 
on October 1, 1958. He was psychotic and walked 
during the first 4 days of his immediate postinfarction 
period. In January 1959 and in April 1959, he had 
separate hospital admissions for exertional shortness 
of breath, angina and marked fatigability. He con- 
tinued to take digitalis and diuretics. 

F hysical examination revealed an emaciated, chroni- 
cally ill, Negro man with left ventricular hypertrophy 
and a “roll out’? phenomenon, a gallop rhythm and 
evidence of left and right heart failure. Blood pres- 


sure was 110/80 mm. Hg. The electrocardiogram 
revealed anterolateral myocardial infarction with S-T 
segment elevation in leads V2 through Vs». Roent- 
genographic studies revealed a large left ventricle 
with aneurysm formation and secondary pulmonary 
congestion (Fig. 10). 

Cardiac catheterization studies revealed severe pul- 
monary hypertension (64/30) and reduced: cardiac 
indices both at rest and with exercise (Table 1). 

Operation was performed on April 30, 1959 and the 
aneurysm was excised. The patient died some 2 hours 
postoperatively, the myocardium failing to make a 
satisfactory recovery following surgery. 


Case 8. A.L., a 63 year old man, was admitted to 
St. Luke’s Hospital on May 3, 1959 with a history of 
exertional dyspnea, cough and angina following an 
acute anterior myocardial infarction on March 4, 
1959. In early April 1959, the patient had a bout of 
chills and fever up to 104°r. Presumptive diagnosis 
was mural bacterial endocarditis, which was treated 
with antibiotics. 

On examination, the blood pressure was 70/40 mm. 
Hg, the heart sounds were very distant, the heart was 
enlarged to the left. The electrocardiogram re- 
vealed anterior myocardial infarction with Q waves 
and persistent S-T elevation in leads V,; through V4. 
Teleoroentgenograms revealed a markedly enlarged 
left ventricle with an aneurysmal bulge located in the 
left lateral aspect of the left ventricle. Cardiac 
catheterization was not performed. 

Operation was performed on May 8, 1959, using 
complete cardiopulmonary bypass. The aneurysm 
measured 8 cm. in diameter and was located in the 
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Fic. 10. Case 7. Roentgenogram reveals a large left 
ventricular aneurysm and pulmonary congestion. 


lateral surface of the left ventricle. It was excised 
completely and found to be filled with adherent 
thrombi. The patient died suddenly 10 days later, 
apparently of a rhythm disturbance. 

Autopsy revealed an old atheromatous occlusion of 
the anterior descending branch of the left coronary 
artery and partial occlusion of the right coronary ar- 
tery by hemorrhage into an atheroma. A healing 
surgical wound in the wall of the left ventricle was 
noted with the suture already covered by epithelium. 


Case 9. W. K., a 63 year old man, who was 
known to have hypertension since 1936, was admitted 
to Methodist Hospital on May 19, 1959, with con- 
gestive heart failure. In March 1958, the patient 
had an anterolateral myocardial infarction. In 
September 1958, aneurysm of the left ventricle was 
first discovered and at that time the patient had left 
ventricular failure and marked fatigability. A second 
coronary occlusion occurred on March 11, 1959, with 
subsequent development of ventricular tachycardia 
and congestive failure. 

Physical examination revealed an enlarged heart 
with a gallop rhythm and runs of ventricular tachy- 
cardia and evidence of combined left and right heart 
failure. The electrocardiogram revealed antero- 
lateral myocardial infarction with elevated S-T seg- 
ments in V2 through Vg, and runs of ventricular tachy- 
cardia. Roentgenograms revealed an aneurysm in- 
volving the apical and posterolateral surface of the 
left ventricle. Cardiac catheterization revealed mod- 
erate pulmonary hypertension (47/18) and reduced 
resting cardiac index (1.2 L.) with some increase on 
exercise (Table 1). 

Operation was performed on June 2, 1959, and the 
aneurysm was successfully resected employing the 
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cardiopulmonary bypass. At present, in March 
1961, the patient is retired but active and has no evi- 
dence of failure or angina. Roentgenograms have 
shown marked reduction in the cardiac size. 


Case 10. H. S., a 49 year old man, was admitted 
to Methodist Hospital on July 17, 1959, having had an 
anterior infarction initially in 1955 with a subsequent 
excellent recovery. In January 1959, a second infarc- 
tion occurred. In May 1959, left ventricular failure 
occurred and right heart failure developed in June 
1959. 

Physical examination revealed a chronically ill patient 
with an enlarged heart, diastolic gallop rhythm and 
evidence of combined left and right heart failure. The 
electrocardiograms revealed anterior infarction with 
persistent S-T segment elevation in leads V; through 
Vs, and anterolateral periinfarction block. Teleo- 
roentgenograms revealed an enlarged heart with an 
aneurysmal bulge of the left ventricle laterally and 
posteriorly. Fluoroscopy demonstrated a paradoxi- 
cal pulsation in this area. 

Cardiac catheterization revealed moderately elevated 
pulmonary arterial pressures (Table 1). Cardiac 
output was not determined because of the patient’s 
critical condition at the time. 

Operation was performed on July 24, 1959, and a 
large ventricular aneurysm located in the anterolat- 
eral surface of the left ventricle was resected using 
the cardiopulmonary bypass technic. 

Recent follow-up study, in March 1961, revealed the 
patient to be active and working as an accountant, 
without any angina and with no evidence of congestive 
heart failure. ‘There was marked reduction in size of 
the cardiac silhouette with complete disappearance of 
the aneurysm. No essential change in electrocardio- 
gram was noted. 


Case 11. T.G., a 55 year old man, was admitted 
to Methodist Hospital on August 2, 1959, having sus- 
tained an acute anterior infarction on October 18, 
1958. He had continued to be active for 4 days after 
the onset of the infarction. In December 1958, 
pulmonary congestion and fatigability developed, 
persisting intermittently until the time of admission. 
In January 1959, roentgenologic examination re- 
vealed the presence'of a left ventricular aneurysm. 

Physical examination revealed an enlarged heart to 
the midaxillary line, a “‘roll out’? phenomenon, a 
gallop rhythm and evidence of combined right and 
left heart failure. Blood pressure was 100/65 mm. 
Hg. The electrocardiogram revealed an anterior in- 
farction with elevated S-T segments in V; through 
Vs. (Fig. 11). Roentgen examination revealed an 
enlarged left ventricle with an aneurysmal bulge in its 
lateral and posterior aspects. Cardiac catheterization 
revealed severe pulmonary hypertension (54/20) 
(Table 1). 

At operation on August 6, 1959, an 8 cm. aneurysm 
was resected involving the anterior and lateral walls 
of the left ventricle. It was filled with clots. Aé 
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Fic. 11. Case 11. Electro- 
cardiogram reveals evidence 
of an anterior myocardial in- 
farction. There is significant 
diffuse S-T segment elevation 
as might be associated with a 
ventricular aneurysm. 


follow-up study in February 1961, the patient was 
found to be free of angina and there was no evi- 
dence of congestive heart failure. The patient has 
returned to full time work and the cardiac silhouette 
has markedly decreased in size. 


CasE 12. L. K., a 57 year old man, was admitted 
to Methodist Hospital on September 27, 1959, having 
had an anterior and diaphragmatic infarction 10 
weeks previous to admission. Four weeks prior to 
admission exertional dyspnea and fatigability de- 
veloped. 

Physical examination revealed an enlarged heart with 
a “roll out”? phenomenon on the left, gallop rhythm, 
and evidence of pulmonary edema. Blood pressure 
was 140/65. The electrocardiogram revealed anterior 
and diaphragmatic infarction with Q waves and S-T 
segment elevation in leads V2 through Vg (Fig. 12). 

Teleroentgenograms revealed an enlarged heart 
with a ventricular aneurysm in the left lateral portion 
with a paradoxical pulsation noted on fluoroscopy. 

Cardiac catheterization revealed severe pulmonary 
hypertension (65/25) and a reduced resting cardiac 
index (1.4 L.) (Table 1). 

At operation on October 6, 1959, an 8 cm. in di- 
ameter aneurysm involving the lower portion of the 
anterior surface of the left ventricle extending over 
into the diaphragmatic surface was excised by the 
cardiopulmonary bypass technic. 

Follow-up examination on March 15, 1961 revealed 
no evidence of cardiac failure, a decrease in cardiac 
size and an active patient now working half time. 


Case 13. G. D., a 54 year old man, was admitted 
to Methodist Hospital on September 28, 1959, 
having had a myocardial infarction in March 1959. 
Intermittent bouts of pulmonary edema had oc- 
curred since then despite the use of digitalis, diuretics 


eed AVL 


and a low salt diet, and in early September 1959, a 
possible left renal emibolus had occurred. An 
aneurysm of the left ventricle had first been dis- 
covered by routine x-ray film in July 1959. 

Physical’ examination revealed evidence of a grossly 
enlarged heart, a gallop rhythm and combined left 
and right cardiac decompensation. Blood pressure 
was 145/95 mm. Hg. The _ electrocardiogram 
revealed evidence of an anterodiaphragmatic infarc- 
tion with S-T segment elevation and Q waves in leads 
V; through Vs. Teleroentgenograms revealed a dif- 
fusely enlarged left ventricle with relatively feeble 
paradoxical pulsations on the left heart border 
between the cardiac apex and the region of the left 
atrial appendage. Cardiac catheterization revealed 
severe pulmonary hypertension (60/30) and reduced 
cardiac indices at rest and with exercise (Table 1). 

Operation was performed on October 8, 1959, and 
a wedge resection of the ventricular aneurysm was 
done employing the cardiopulmonary bypass tech- 
nic. The patient was discharged on the nineteenth 
postoperative day, compensated. A recent follow-up 
examination in March 1960 revealed an active 
subject who is maintaining satisfactory compensation. 


Case 14. V. F., a 61 year old white man, was 
admitted to Methodist Hospital on November 3, 
1959, having sustained a myocardial infarction in 
1953. An aneurysm producing congestive heart 
failure was resected in April 1954, in Philaldelphia 
by Dr. C. P. Bailey, employing the tangential exci- 
sion technic with a special clamp. There was 
improvement following this operation but for the 
past several months prior to admission the patient 
had refractory orthopnea, dyspnea and fatigability 
in spite of therapy with digitalis, diuretics and a low 
salt diet. 
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Physical examination revealed a diffuse “roll out’’ 
phenomenon of the left ventricle with enlargement of 
the heart to the anterior axillary line. The heart 
sounds were faint and a distant gallop rhythm was 
present. An apical grade 2 systolic murmur was 
heard and pulmonary edema existed. The electro- 
cardiogram revealed an anterior infarction with 
persistent S-T segment elevation in leads V; through V, 
and an anterolateral periinfarction block. Roentgen 
studies revealed combined enlargement of the 
heart with an irregular left heart border and an 
aneurysmal bulge in the lateral and anterior border 
of the left ventricle with associated paradoxical 
motion. Cardiac catheterization studies revealed severe 
pulmonary hypertension (80/31) and markedly 
reduced cardiac index (1.3 L.) (Table 1). Exercise 
tests were not performed. 

At operation on November 5, 1959, a recurrent 
aneurysm of the wall of the left ventricle was noted, 
extending superiorly to the region of the pulmonary 
outflow and inferiorly to the tip of the ventricle. 
Marked thickening and fibrosis of the area and evi- 
dence of old sutures with scars were seen. The 
aneurysm was resected successfully, but at the end 
of the procedure a dissection of the thoracic aorta 
suddenly developed, extending down to the bi- 
furcation of the aorta to the femoral arteries, and 
the patient died. 


CLINICAL FEATURES 


Patients with myocardial infarctions in whom 
aneurysms develop may die within a few days 
of the acute infarction, or may live but con- 
tinue to have symptoms such as anginal at- 
tacks, repeated episodes of arrhythmias, myo- 
cardial infarctions and congestive heart failure. 
In our fourteen cases of myocardial aneurysm, 
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preoperative symptoms were as follows: All 
fourteen patients had exertional dyspnea and 
left heart failure; eleven were easily fatigued; 
ten had angina; five had right heart failure; 
four had rhythm disturbance and one had 
emboli. In about half the patients there is a 
quiescent interim period free of symptoms be- 
tween the formation of the aneurysm and the 
final illness. This period may be _ weeks, 
months, or even years. 


SYMPTOMS 


There are no symptoms pathognomonic of 
ventricular aneurysm. Ventricular aneurysms 
may be noted in a patient completely free of 
cardiac symptoms. In most patients the symp- 
toms are predominantly those of a_ poorly 
functioning left ventricle. The inelastic non- 
contractile sac behaves much like the left 
atrium in mitral insufficiency; part of each left 
ventricular stroke volume is dissipated in filling 
the sac. Weakness was noted in over half of 
our patients. Exertional shortness of breath, 
orthopnea and extreme fatigability were very 
common. Repetitive bouts of tachycardia were 
encountered in three patients. There may be 
supraventricular disturbances such as atrial 
fibrillation, flutter or tachycardia, or ventricular 
tachycardia. Symptoms of right heart failure 
were noted in the advanced cases. Angina was 
present in over half of the cases and in several 
it was quite severe. Renal emboli occurred in 
one of our patients; however, thromboembolic 
phenomena may be frequent for the ventricular 
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sac acts as a nidus where blood clots, lamination 
and even calcification may occur. 


PHYSICAL FINDINGS 


Enlargement of the cardiac dulness was 
present in thirteen out of fourteen patients. 
In our fourteen cases of ventricular aneurysm, 
preoperative physical findings were as follows: 
All fourteen patients had sinus rhythm and were 
normotensive; thirteen had cardiac enlarge- 
ment; eleven had gallop rhythm and distant 
heart sounds; seven had diffuse pulsation 
laterally; two had apical systolic murmur and 
systolic murmur in one patient was _ basilar. 
In some a forceful, diffuse or heaving apical im- 
pulse was seen. In others a separate pulsation 
independent of the apical impulse, the so-called 
‘roll out”? phenomenon, which may be medial 
and above the apex beat, has been noted. In 
all but one of our patients a gallop rhythm was 
heard. Sinus rhythm was present in all 
patients. Murmurs were heard in only three 
of our fourteen patients; all. were systolic in 
time, two being apical and one in the aortic 
area. No diastolic murmurs were heard. In 
Moyer and Hiller’s series,”® five of nineteen 
patients had a systolic murmur and one had a 
diastolic murmur. Most authors agree that 
murmurs offer little in the way of diagnostic aid 
in ventricular aneurysms. The usual accom- 
panying signs of left ventricular failure may be 
present and in the more severe cases evidence of 
right-sided decompensation may also become 
evident. 


ELECTROCARDIOGRAPHIC FINDINGS 


The most common electrocardiographic pat- 
tern encountered was that of a previous myo- 
cardial infarction; namely, deep Q_ waves 
and persistence of the S-T segment elevation or 
depression, depending on the site of the original 
In all fourteen of our patients the 
presence of S-T segment elevation was noted. 
Anterior myocardial aneurysms gave rise to 
S-T segment elevation in V, through V,, and 
anterolateral aneurysms to elevation in V3 
through V.. Posterior (diaphragmatic) aneu- 
rysms revealed depression of some of the 
precordial S-T segments and elevation of the 
S-T segments in leads 1, 11 and aVF. A 
combined anterior and diaphragmatic aneurysm 
was seen in two Cases. 

Moyer and Hiller?® accounted for the S-T 
segment elevation by two factors, namely, lack of 
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modifying potential from completely infarcted 
muscle and hypertrophy of the opposite ven- 
tricular wall. They further stressed that failure 
to verify the presence of an extensive infarction 
pattern on electrocardiographic tracings in the 
presence of an abnormal bulge in the cardiac 
silhouette by roentgen studies does not exclude 
but should cast serious doubt on the diagnosis 
of cardiac aneurysm, and on the basis of our 
operative experiences we would agree with this 
observation. 


ROENTGEN FINDINGS 


Standard posteroanterior, right anterior 
oblique and left anterior oblique teleoroentgen- 
ography may reveal enlargement of the left 
ventricle with deformity of its contour, localized 
protuberance inseparable from the cardiac 
silhouette, bulging of the anterior or posterior 
border of the heart, or increased density or 
calcification of the ventricular wall. Fluoros- 
copy may further delineate abnormal or absent 
pulsations in the aneurysms. In the majority 
the pulsation of the ventricular aneurysm is 
asynchronous or contrapulsile, bulging outward 
when the. remainder of the ventricle contracts. 
However, expansile pulsations may be absent 
when the wall of the sac is reinforced by a 
thrombus from within and a thickened ad- 
herent pericardium from without, or when the 
wall is calcified, little pulsation can be expected. 
In calcified aneurysms the calcific shadow is 
linear and even, is situated within the heart 
border and is limited to the left ventricle, unlike 
the calcified pericardium of constrictive peri- 
carditis. Calcification of a valve can be 
differentiated by the shape and position of the 
shadows. 

Angiocardiography: Visualization of the aneu- 


‘rysm by contrast media is frequently helpful. 


Dolly, Dotter and Steinberg’® have employed 
iodopyracet (Diodrast®) for this purpose. In 
our experience the injection of 40 cc..of 90 
per cent Hypaque® (diatrizoate sodium) into 
the pulmonary artery with a mechanical injector 
has produced satisfactory visualization. Chap- 
man” has employed a similar technic in con- 
junction with the use of cineangiofluorography 
with excellent results. The latter technic has 
been employed in one patient in this series with 
good visualization of the aneurysm. Left 
ventricular puncture’® with the injection of 40 
cc. of radiopaque material has also demon- 
strated the aneurysm well, but we have not used 
this technic to date. 
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Fic. 13. Drawing showing method of surgical excision 
of left ventricular aneurysm utilizing pump oxygenator 
for temporary cardiopulmonary bypass. Technic of in- 
troduction of catheters in femoral artery and vein per- 
mits complete cannulation through the groin. Inset shows 
surgical incision used for optimum exposure through left 
fifth and right fourth intercostal spaces. 


CARDIAC CATHETERIZATION 


In twelve of fourteen patients cardiac cathe- 
terization was done preoperatively (Table 1). 
The cardiac outputs were reduced in all; the 
average cardiac index was 1.5 L. per minute per 
M? of body surface. Assuming an average 
normal cardiac index of approximately 2.2 
L. per minute per M?, the average reduction in 
left ventricular output in this series was 33 per 
cent. Two patients (Cases 2 and 3) showed an 
increase in resting output postoperatively and in 
both a substantial increase in cardiac output 
occurred after moderate exercise. In Case 5 
there was no change in cardiac output after 
operation but this may have been influenced by 
certain technical difficulties during catheteriza- 
tion. Pulmonary hypertension was present in 
eleven of twelve patients catheterized pre- 
operatively and in one of these (Case 6) it was 
present only during exercise. In the three 
cases studied postoperatively, pulmonary pres- 
sures have returned to normal levels in the rest- 
ing state (Cases 2, 3 and 5). Not all patients 
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who were cathe.erized before operation were 
studied under the stress of exercise because of 
the appearance of angina and other disturbing 
symptoms. 


SURGICAL TECHNIC 


Bypass Procedure: In all fourteen patients excision 
of the ventricular aneurysm was performed using a 
pump oxygenator for temporary cardiopulmonary 
bypass (Fig. 13). A stainless steel oxygenator based 
upon the bubble diffusion principle was used.* 
DeBakey roller pumps of the complete occlusion 
type were used to withdraw venous blood from the 
venae cavae and to return oxygenated blood to the 
systemic arterial system. Venous cannulation of the 
venae cavae was performed in all instances by passing 
a 9/32 inch diameter plastic tubing into the superior 
vena cava through the right common femoral vein. 
By placing the perforations at the proper point to 
drain the superior and inferior venae cavae, cardiac 
inflow occlusion was obtained by tape ligatures. 
Cannulation of the arterial system was performed 
using a 3/16 inch diameter plastic catheter inserted 
into the common femoral artery. Thus, all cannula- 
tions were performed in most instances before cardiac 
manipulations or even pericardiotomy. The ad- 
vantage of this technic was clearly demonstrated in 
Case 6 in which acute cardiac dilatation and arrest 
occurred immediately upon opening the pericardium. 
While an assistant massaged the heart, the necessary 
cannulations through femoral vessels were performed 
and the bypass was started. Upon restoration of 
adequate systemic flow cardiac resuscitation was 
promptly accomplished. 

Blood for priming the system was collected on the 
day preceding operation into siliconized glass bottles 
containing 25 mg. of heparin.” Just prior to by- 
pass the patient received heparin, 1.5 mg. per kg. 
body weight, and immediately following bypass the 
heparin was neutralized with protamine sulfate 
(Polybrene®) 3 mg. per kg. body weight. Rates of 
perfusion varied from 35 to 50 cc. per minute per kg. 
body weight but in no instance did total flow exceed 
3000 cc. per minute. Induced cardiac arrest was 
not used in any case but in all cases intermittent 
occlusion of the ascending aorta was used to reduce 
the volume of return through the coronary sinus. 
Blood entering the left ventricle was aspirated and 
collected in a reservoir containing stainless steel 
sponges coated with Dow-Corning antifoam A 


substance. Wherever necessary this blood was 
returned to the pump oxygenator system. 
Operative Technics: An anterior thoracotomy 


incision entering the left fifth intercostal space and 
the right fourth space was made transecting the 
sternum with a Gigli saw (Fig. 13). A_ sternal 
retractor was inserted and the heart was exposed. 
The common femoral artery and vein were mobilized 
through a short incision in the groin and cannulations 
were performed after heparinization. Tape tour- 
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Fic. 14. Drawing showing technic of excision and ven- 
triculorrhaphy for ventricular aneurysm. A, the an- 
eurysm is excised and thrombi are removed. B, the 
ventricular defect is repaired with continuous and in- 
terrupted sutures of black silk. 


niquets were passed about the superior and inferior 
venae cavae. With the pump oxygenator functioning 
and the venae cavae occluded the adherent peri- 
cardium was carefully dissected off the underlying 
aneurysm. An incision was made in the apex of 
the aneursym and the lesion was opened widely. 
Thrombi were removed and the junction of the aneu- 
rysm and relatively normal myocardium was identified 
(Fig. 14). The aneurysm was excised, care being 
taken not to compromise the size of the reconstructed 
left ventricle by too extensive removal. Papillary 
muscles and the mitral valve were carefully identified 
and preserved. In most instances the aneurysm 
was excised through tissue which was fibrous or 
cicatricial rather than muscular to prevent sutures 
from cutting through and to facilitate closure. 
The ventricular repair was done with continuous 
2-0 and 3-0 black silk sutures. This suture was 
reinforced with interrupted sutures of silk. 

As the ventriculotomy was closed, the left ventricle 
was permitted to fill with blood to force out the air 
and in no instance was air embolism a problem. 


The pericardium was closed tightly over the suture 
line in the ventricle but was loosely closed elsewhere. 
After the cannulae were removed the femoral artery 
and vein were repaired with fine silk sutures. In 
most instances the period of complete cardiac bypass 
was less than 12 minutes and in no instance exceeded 
20 minutes. 


COMMENTS 


In patients with ventricular aneurysm fol- 
lowing myocardial occlusion the effect of the 
noncontractile aneurysmal sac upon cardiac 
function may be measured by right heart cathe- 
terization. Stroke volume of the left ventricle 
at rest is reduced because the force of contraction 
of the remaining uninvolved myocardium is 
dissipated in the flaccid sac. This effect be- 
comes more evident during exercise when the 
normally anticipated increase in cardiac output 
does not occur. Indeed, exercise of the patient 
appears to cause an actual reduction of output 
indicating that the remaining myocardium 
fatigued quickly because of the unfavorable 
circumstances produced by the noncontractile 
aneurysm. During exercise stasis in the left 
atrium and pulmonary circuit occurs and is 
manifested by increased pulmonary capillary 
and pulmonary arterial pressures. This un- 
doubtedly accounts for the immediate onset of 
dyspnea on exertion and the tendency for 
patients to develop pulmonary congestion. 

In twelve of our patients cardiac catheteriza- 
tions were performed before operation and 
marked reduction in cardiac output was found. 
In three of the four patients who had cardiac 
catheterizations postoperatively, there were in- 
creases in the cardiac output. Similarly, a 
lower resting pulmonary arterial pressure within 
normal limits was noted after operation. We 
encountered three deaths; one patient died of 
increasing failure about 2 hours after the opera- 
tion, one died of a dissecting aneurysm of the 
thoracic aorta at the time of operation, and one 
probably of a rhythm disturbance 10 days post- 
operatively, just as he was ready to be dis- 
charged from the hospital. In this subject at 
necropsy the suture lines were well healed and 
the left ventricle was intact and apparently had 
functioned satisfactorily. Clinically, the dis- 
appearance of fatigue, left ventricular failure 
and angina, and the general feeling of well being 
was very noticeable in the other eleven patients. 
All have increased their activity greatly, and 
seven are working full time, one part time, and 
the other three, although retired, remain active. 
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Teleoroentgenograms have demonstrated rather 
striking reduction in the cardiac size; however, 
relatively little change in the postoperative 
electrocardiograms has been noted. 


SUMMARY 


Ventricular aneurysm is a frequent late com- 
plication of extensive myocardial infarction. 
Although cardiac rupture is rare, serious and fre- 
quently incapacitating symptoms result from 
the impairment of cardiac function produced by 
the noncontractile, expansile aneurysm. Em- 
bolism from mural thrombi may also produce 
disastrous complications. 

Fourteen patients with aneurysm of the left 
ventricle following myocardial infarction have 
been treated by surgical excision of the aneurysm 
utilizing an extracorporeal pump oxygenator for 
temporary cardiopulmonary bypass, with three 
deaths. Cardiac catheterization studies per- 
formed prior to surgery in twelve of these pa- 
tients revealed a reduction in cardiac output 
and significant pulmonary hypertension. After 
operation cardiac function improved and the 
eleven survivors received clinical benefits. 

The optimum time for surgical intervention 
following myocardial infarction is probably 
governed by the pathologic state of the diseased 
myocardium. At 3 months fibrous tissue de- 
velops at the margin of the aneurysm and firm 
repair of the ventricle after aneurysmectomy is 
facilitated. 

Surgical excision and ventricular repair is a 
feasible and rational surgical treatment for 
ventricular aneurysm following myocardial in- 
farction when the lesion is of sufficient size to 
cause impairment of cardiac function. 


ADDENDUM 


A total of twenty-four patients in our series have had a 
resection of a ventricular aneurysm. There have been 
nineteen survivors. Of the deaths occurring, four were of 
subjects over 60 years of age. 
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Experimental Study 


Phenol-Talc Procedure for Myocardial 


Revascularization 


Experimental and Clinical Studies* 


IRA HuGH FRIEDMAN, M.D., ALBERT B. LOWENFELS, M.D., So. GELMAN, B.S. and 
JERE W. Lorp, M.D. 


New York, New York 


WENTY-SIX years ago the first experimental 

method for improving the blood supply to 
the heart was presented by Beck and Tichy.! 
Their procedure consisted of mechanical abra- 
sion of the epicardium (“‘epicardiectomy”’) and 
the placing of neighboring tissues on the abraded 
heart. Beck demonstrated that this resulted in 
extensive anastomoses between the coronary 
arteries and those of the pericardium and medi- 
astinum via vascularized adhesions. The ef- 
fectiveness of these surgically-induced collateral 
vessels on the myocardial blood supply was 
demonstrated by the survival of dogs having 
almost total occlusion of both coronary arteries. 
Later in 1935, Beck? presented the first clinical 
case treated by the method. 

The production of epicardial-pericardial ad- 
hesions by the use of intrapericardial talc was 
described by Thompson’ in 1939. There was 
active bleeding from these adhesions and his- 
tologic examination revealed the presence of new 
blood vessels. In 1942, Thompson and Rais- 
beck‘ presented a series of clinical cases treated 
by a talc-induced adhesive pericarditis and 
stated that all patients so treated had sympto- 
matic relief and an increase in exercise toler- 
ance. Schildt, Stanton and Beck® in 1943 dis- 
cussed the effects of various irritants, including 
talc, on the heart and stated that all had harm- 
ful side effects or were not as effective as as- 
bestos, which Beck® continued to use. 

Chemical debridement of the epicardium 


rather than its mechanical abrasion was pro- 
posed by Harken et al.’ in 1955. For this 
purpose, they applied 95 per cent phenol to the 
heart, believing that this modification, by more 
effectively removing the epicardial barrier, 
promoted a greater growth of new vessels large 
enough to carry the Schlesinger mass from 
pericardium to myocardium. 

Numerousother procedures have been designed 
to. promote myocardial revascularization. 
Their proponents have demonstrated experi- 
mentally the value of these procedures as effec- 
tive means of bringing new blood to the heart 
and/or causing the development or enhance- 
ment of already existing intercoronary anasto- 
moses. An extensive review of these procedures 
has been made by Vansant and Muller.*® 

Several of these procedures have been used 
clinically with reported success.°~-" However, 
it is noteworthy that clinical assessment leaves 
much to be desired because so much of the 
assessment is subjective in nature; indeed, 
sham internal mammary artery ligations have 
been demonstrated clinically to be beneficial.” 
Thus one of us has stated: ‘The greatest 
present need is the development of a precise 
test to measure coronary arterial blood flow in 
the human.” 

In the experimental animal, however, a 
variety of methods have been utilized for de- 
termining the effectiveness of revascularization 
procedures; the majority of these are indirect. 


* From the Department of Surgery, New York University School of Medicine, New York, New York. Supported 
by a grant from the United States Public Health Service, No. H-3046 (C2). 
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Fic. 1. Coronary flow as influenced by anoxia. From: 
Lord et al., Surgery, 43: 207, 1958." 


CORONARY FLOW IN CC/MIN 


In our laboratory a method" has been developed 
for the direct measurement of the coronary 
blood flow in dogs. This method has given 
consistent results and has enabled 
to evaluate several revascularization procedures. 
Our method is not applicable to human sub- 
jects. For human beings, the ingenious method 
presented by Goldsmith and Mayer,'’ for 
evaluating myocardial blood supply by direct 
measurement of myocardial temperature 
changes in response to injections of known doses 
of iced saline, or refined radioisotope technics'® 
currently being investigated for measuring 
coronary blood flow, may soon provide this 
necessary information. 

Allela and co-workers'® have demonstrated 
that coronary blood flow is related to the degree 
of myocardial anoxia. Studies previously re- 
ported by us' have corroborated these findings 
and have demonstrated that temporary myo- 
cardial anoxia (4 to 7 minutes) will result in a 
coronary blood flow two and a half times greater 
than the control flow (Fig. 1). Furthermore, 
Zoll, Wessler and Schlesinger®® showed that 
myocardial anoxia will promote the develop- 
ment of new vascular channels. Based on these 
reports we concluded that the production of a 
relative myocardial ischemia coincident with 
the revascularization procedure would enhance 
the effectiveness of the procedure by creating a 
demand for additional blood flow and thereby 
result in more significant information. There- 
fore, in this investigation of the phenol-talc 
cardiopexy, the method of Pearl, Joseph and 
Citret” involving the partial ligation of the 
anterior descending branch of the left coronary 
artery was used to produce a degree of myocar- 
dial anoxia. We have not performed pneu- 
mopexy in this series because previous study’® 
has led us to conclude that addition of the lingula 


Friedman et al. 


to the procedure did not contribute to the pro- 
motion of extracoronary blood flow. 


METHOD 


Three groups of mongrel dogs, weighing 11.5 to 
19 kg., were prepared. Group 7 was a control series of 
six dogs which had a routine thoracotomy and peri- 
cardiotomy performed. The pericardium and thorax 
were left open for at least 1 minute following which 
they were closed in the usual manner without drain- 
age. 

Group 2 was a series of seven dogs subjected to a 
routine left thoracotomy and pericardiotomy, fol- 
lowed by ligation of the anterior descending branch 
of the left coronary artery over a No. 22 gauge needle 
which was immediately removed. The pericardium 
and thorax were then closed in the usual manner 
without drainage. 

Group 3 consisted of eleven dogs subjected to left 
thoracotomy and pericardiotomy followed by the 
application of 90 per cent phenol solution to the epi- 
cardium and inner surface of the pericardium, and 
the instillation of 1.5 gm. of talc U.S.P. (magnesium 
silicate) into the pericardial sac. Partial ligation of 
the anterior descending branch of the left coronary 
artery was performed asin group 2. The pericardium 
and thorax were then closed in the usual manner. 

Following this initial operative procedure, a period 
of approximately 3 months was allowed to elapse 
before reoperation and measurement of the coronary 
blood flow. 

A. Measurement of Coronary Blood Flow: At the end 
of this interval, the dogs were placed on cardiopul- 
monary bypass and studies of coronary blood flow 
were made by the method previously described by 
Lord et al. and only briefly outlined here. Total 
extracorporeal perfusion utilizing two Sigmamotor 
pumps and a simple vertical nonhelical bubble oxy- 
genator was employed. ‘To prevent bronchial flow, 
returning via the pulmonary veins, from reaching the 
left side of the heart and subsequently the coronary 
ostia, both pulmonary hila were clamped. A Foley 
catheter, modified by ligating the tip of the catheter 
distal to the balloon and cutting three openings prox- 
imal to the balloon, was inserted through a small right 
ventriculotomy into the pulmonary artery, This 
catheter provided drainage for the return flow from 
the coronary sinus and Thebesian veins entering the 
right ventricle. 

The venous return was collected in a graduate and 
several consecutive 30-second samples were taken, 
representing the total coronary blood flow. The 
aorta was then cross-clamped distal to the origin of 
the coronary ostia so that arterial blood from the 
extracorporeal unit could not reach the coronary 
arteries. The venous return was again collected for 
several consecutive 60-second intervals, representing 
the total extracoronary blood flow. All adhesions were 
then stripped in order to eliminate flow from any 
channels which had been produced by the experiment 
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and measurements were again taken of any residual 
flow. The mean of all measurements was then de- 
termined. The arithmetic difference between the 
average total extracoronary flow and the average flow 
following stripping was calculated. This value was 
assumed to represent the extracoronary blood flow 
resulting from the experimental procedure itself. 

B. Adhesions: At the time of reoperation a gross 
assessment was made concerning the character and 
quantity of the adhesions present, and note taken re- 
garding the production of bleeding upon lysis of ad- 
hesions. 

C. Electrocardiographic Changes: The animals were 
monitored by the electrocardiogram during both 
operations. Lead 1 was used exclusively for photo- 
recording because of technical factors. Tracings 
taken initially, following partial ligation of the cor- 
onary artery and at the time of reoperation were 
studied. 


RESULTS 


A. Blood Flow (Table 1): In control dogs 
having had only a thoracotomy and pericardiot- 
omy (group 1) the average extracoronary blood 
flow at the time of reoperation was 0.6 cc. per 
minute. The dogs upon which a partial liga- 
tion of the anterior descending branch of the 
left coronary artery was performed had an 
average extracoronary blood flow that was not 
remarkably different (0.3 cc. per minute). 
The average extracoronary blood flow in the 
dogs who had a phenol-talc cardiopexy coinci- 
dent with partial ligation, was 4.3 cc. per 
minute. Ten of the eleven animals so treated 
had extracoronary blood flow in excess of 2 cc. 
per minute, although in no control dog was the 
flow greater than 1 cc. per minute. 

The residual coronary blood flow following 
stripping of adhesions in the dogs in the group 
which had phenol-talc procedures was 1.5 cc. 
per minute. One might suppose that this value 
should correspond to the baseline flow found in 
control dogs (0.6 and 0.3 cc. per minute). 
We believe that the variance between these 
data can be explained on the basis that either 
(A) all adhesions were not effectively lysed or 
(B) the experimental procedure in some un- 
known manner acted to increase the baseline 
flow. We believe that the former is the more 
likely explanation because of the technical 
difficulties encountered in attempting to rapidly 
strip all the adhesions created (before fibrillation 
would occur). It is, therefore, quite possible 
that the actual flow resulting from the adhesions 
is even greater than the calculated one (2.5 
cc. per minute). 

It is interesting to note that if dog 1837 were 
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TABLE I 
Measurements of Coronary Blood Flow 


Coronary Blood Flow (cc. per minute) 
After 
u 
gre With After Adhesions | Procedure 
Aorta — Stripped (column 3 
Open amped (residual minus 
flow) column 4) 
Group 1 
(Controls) 
898 42 0.6 
1061 130 0.7 
1135 186 0.0 
1205 77 0.3 
1326 48 0.7 
1424 51 1.0 
Average 8&9 0.6 
Group 2 
(Partial li- 
gation only) 
1516 104 0.5 
1605 76 0.3 
1631 84 0.5 
1650 72 0.6 
1668 59 0.4 
1700 56 0.0 
1716 90 0.0 
Average 77 0.3 
Group 3 
(Phenol-talc 
and partial 
ligation) 
1523 93 6.4 2.5 3.9 
1592 109 3.3 2.8 0.5 
1606 107 5.6 1.9 3.7 
1607 107 7.6 
1626 70 3.0 0.7 2.3 
1630 73 4.6 2.5 
1665 107 3.4 0.2 3.2 
1715 118 4.4 3 2.9 
1747 66 3.2 0.2 3.0 
1750 89 2.1 0.0 2.2 
1837 225 1.1 0.0 ‘2 
Average 106 (94)t 4.3 (4.6) 7.5 (1.6) 2.5 (2.8) 


* Drainage catheter became dislodged and measurements not 
obtained. 
t+ Numbers in parentheses are averages excluding dog 1837. 


omitted from the mean figures, by virtue of the 
wide disparity of its blood flow from other dogs, 
the total coronary blood flow for the experi- 
mental group (94 cc. per minute) would not be 
very different from controls (89 cc. per minute 
and 77 cc. per minute). The extracoronary 
blood flow figures would be even greater for the 
experimental procedure (4.6 cc. per minute). 

B. Adhesions: At the time of reoperation, 
the majority of the control dogs as well as the 
dogs having had only partial ligation without 
cardiopexy, had an essentially benign pericardial 
sac, although in both groups a few had thin, 
fibrinous pericardial adhesions. All the dogs 
having had phenol-talc had a wealth of vascu- 
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larized myocardial-pericardial adhesions. These 
adhesions were frequently difficult to lyse and in 
most instances bled briskly upon being divided. 

C. Electrocardiographic Changes: The elec- 
trocardiographic pattern as recorded from lead 
11 showed in most instances the development of 
an inverted T wave, frequently accompanied by 
S-T segment shifts following partial coronary 
artery ligation. In some dogs, these changes 
had partially or completely reverted to normal 
by the end of the procedure. 

We were unable to correlate the electro- 
cardiographic pattern with the extracoronary 
blood flow at the time of reoperation. In most 
instances, however, the electrocardiographic 
pattern was within normal limits at that time. 


DISCUSSION OF EXPERIMENTAL DATA 


We have evaluated the phenol-talc procedure 
primarily by measurement of the extracoronary 
blood flow. Many other approaches have been 
used to study the collateral circulation which de- 
velops after revascularization. However, with 
the exception of the Mautz-Gregg backflow 
principle,” they are mainly indirect and do not 
provide information concerning the actual 


quantity of blood flowing through the newly 


formed collateral channels. Therefore, we 
believed that a method which measures the 
volume of blood entering the heart from extra- 
coronary sources should be used. Kline* has 
stated: ‘“The ultimate worth of the extra- 
myocardial source will eventually be established 
on the basis of functional studies rather than on 
survival rates.” 

Relative Importance of Intercoronary and Extra- 
cardiac Collateral Anastomoses: With our method 
we are unable to determine the value of the re- 
vascularization procedure on the production or 
enhancement of intercoronary anastomoses. 
The presence of intercoronary anastomoses, by 
redistributing blood already available to the 
myocardium, is no doubt of great benefit in 
the prevention of myocardial infarction and 
angina. Leighninger*™ has stressed the value of 
these channels, particularly as related to the 
prevention of electrical instability and fibrilla- 
tion giving rise to “‘mechanism death.” Blum- 
gart and Zoll** have demonstrated on autopsy 
specimens that the presence of intercoronary 
collaterals may explain the absence of clinical 
or pathologic evidence of myocardial damage 
despite the presence of longstanding obstructive 
arterial lesions. However, it would seem that 
the procedure of choice should be capable of 


effecting an ample extracoronary collateral 
circulation, in addition. It has been shown 
that myocardial anoxia will not only cause a 
large increase in coronary blood flow in the 
acute situation,!*-?6 but also, over the long 
term, will in itself stimulate the production of 
new vascular Schlesinger,** using 
injection and dissection technics in the human 
heart, showed that “‘anastomoses develop readily 
whenever and wherever arteriosclerotic nar- 
rowing or occlusion causes obstruction to the 
coronary arterial circulation and are localized to 
the region where they are needed.” Prinz- 
metal et al.,?* using radioactive labeled red 
blood cells and perfusion of the coronary vessels 
with glass spheres, showed, moreover, that even 
the normal human heart has an extensive col- 
lateral circulation with anastomotic channels 
ready to function when the need arises. Thus, 
it would seem that the effectiveness of the pro- 
cedure is of great importance in myocardial 
revascularization in producing an extracardiac 
collateral blood supply as well as intercoronary 
communications which will, indeed, form to 
some extent without surgical intervention. 

Our method of measurement of coronary 
blood flow has been used to study several 
revascularization procedures and it has been 
our belief that adhesion-producing procedures 
have been the most valuable in this respect. 
Therefore, we elected to restudy the phenol-talc 
procedure under a situation of surgically-in- 
duced relative myocardial ischemia. 

We believe that direct measurement of the 
coronary blood flow provides more information 
about the effectiveness of revascularization pro- 
cedures than does any alternate means of 
evaluation. Other commonly used criteria 
such as size of infarcts and mortality rates, 
whether following acute coronary ligation, the 
insertion of thrombogenic wires into the coro- 
nary arteries,*® the employment of Ameroid 
constrictors,*' *? or the use of steel spring ‘clips,* 
may be valuable indicators in the dog, but the 
information thereby obtained is not necessarily 
applicable to the human patient. These all 
require alterations of the dog’s coronary vessels. 
It has been demonstrated, however, that there 
are normal variations in the coronary vascu- 
lature pattern in the dog**** and that the canine 
heart and the human heart may differ anatom- 
ically.** It is for these reasons that results 
obtained by procedures necessitating such altera- 
tions may be misleading as clinical guides. 
Furthermore, Harken et al.’ have pointed out 
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that 70% of normal dogs will die as a result of 
coronary artery challenge and the remarkable 
fact that 75% of “‘protected”’ animals will sur- 
vive the same challenge regardless of which of 
the diverse ‘“‘protective’’ procedures are em- 
ployed. It is conceivable that the similarity in 
survival rates among these diverse procedures 
may be due to improved intercoronary com- 
munications or to the opening of intrinsic coro- 
nary collaterals rather than to an actual increase 
in blood supply. Thus, this means of determin- 
ing the relative merit of revascularization pro- 
cedures has limited value. 

We have, therefore, performed partial coro- 
nary artery ligation, not for the purpose of pro- 
moting coronary occlusion, but rather to create a 
relative myocardial ischemia and thereby pro- 
vide a stimulus for the ingrowth of new vessels. 
That myocardial ischemia is produced is dem- 
onstrated electrocardiographically by the ap- 
pearance of inverted T waves and S-T segment 
changes following partial ligation. 

The coronary blood flow measurements 
showed that the phenol-tale cardiopexy will 
bring to the heart an average of 4.3 cc. per 
minute of blood from extracardiac sources (4.1 
per cent of total coronary blood flow) as com- 
pared with 0.3 cc. per minute (0.4 per cent) in 
dogs with partial ligation alone and 0.6 cc. per 
minute (0.7 per cent) in control dogs. 

Comparison of Phenol-Talc Cardiopexy and Other 
Revascularization Procedures: Figure 2 illustrates 
the average extracoronary blood flow for the 
phenol-talc cardiopexy with partial coronary 
artery ligation as compared with other revascu- 
larization procedures performed with and 
without concomitant partial coronary artery 
ligation, as previously reported by our group. 
It may be seen that the only procedure studied 
which seemed to be as effective as the phenol- 
talc procedure without partial ligation was that 
of arterial implants and transplants to the 
myocardium. However, the technical aspects 
and the mortality rate were considerably greater 
with the latter procedure. Indeed, when par- 
tial coronary ligation was performed either 
preceding or immediately succeeding the major 
procedure of transplantation of carotid artery 
segments from the aorta to the myocardium, all 
eleven dogs succumbed either immediately or 
within 1 month postoperatively although no 
dogs died as a result of partial ligation alone. 

It is our opinion that if the basically healthy 
canine heart, weakened only to the extent 
of the surgically-induced ischemia, was un- 
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EXTRA-CORONARY BLOOD FLOW (cc/min) 


PROCE DURE 0 03 06 O9 i2 15 168 2! 24 27 30 33 36 29 42 45 
CONTROL ZZZZ7) 
CONTROL WITH PARTIAL LIGATION [77] 
TALC 


PHENOL TALC - LINGULA 
MAMMARY ARTERY ZZZ7ZZZA 

TRANSPLANTS AND IMPLANTS 
IVALON. SPONGE 

IVALON SPONGE WITH PARTIAL ZZZZZZZZA 

LIGATION 


Fic. 2. The average extracoronary blood flow as 
determined for different revascularization procedures. 


able to tolerate a procedure of this magnitude, 
it is less likely that the already-damaged human 
heart could sustain such a procedure. In fact, 
Blalock and Sabiston*’ state that they have not 
performed internal mammary transplantation 
clinically despite some apparent beneficial ef- 
fects of experimental carotid artery transplanta- 
tion in dogs ‘‘because of a lack of conviction that 
it has greater merit than one of the simpler 
procedures.” 

Results of experimental investigations of talc 
poudrage and phenol-talc cardiopexy have not 
been in agreement. Gage, Olsen and Char- 
dack** studied talcum powder poudrage and 
the Beck 1 procedure in dogs. In order to pro- 
duce coronary thrombosis aluminum wires were 
inserted into the coronary arteries either at 
cardiopexy or 1 month later. In comparison 
with control dogs, they found mortality rates 
and the incidence of gross myocardial infarcts 
to be essentially the same. They concluded that 
the procedures were not effective in promoting 
collateral circulation. Stone and Lord*® have 
noted, however, that magnesium-aluminum 
wires placed in the dog’s aorta produced throm- 
bosis within 21 days. Indeed, Gage and co- 
workers** also reported that approximately half 
of their animals died suddenly 3 weeks after in- 
sertion of the thrombogenic wires; a maximum 
of 7 weeks ‘elapsed after cardiopexy and before 
death. This period of time has been demon- 
strated’ to be insufficient to permit effective 
revascularization to occur. Thus, Blalock and 
Sabiston*®? compared survival rates and infarct 
size following anterior coronary artery ligation 
in dogs 6 to 8 months after a procedure consist- 
ing of phenol de-epicardialization, talc poudrage 
and cardiopneumopexy. They found an 82 
per cent survival rate and smaller infarct size in 
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magnification 87.5.) 


stitial connective tissue separating the muscle fibers. 
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(Hematoxylin and eosin stain; original 


he 


Fic. 4. Unremarkable area of pericardium, epicardial fat, and endocardial lining. Talc crystals 


were not found in such areas. 


the experimental group than in the control 
group (30 per cent survival rate). Bakst and 


Loewe“ performed talc poudrage in dogs and 3 
months later measured retrograde blood flows 
from peripheral segments of the ligated circum- 


(Hematoxylin and eosin stain; 


original magnification 87.5.) 


flex coronary artery. They reported a three- 
fold increase in blood flow over the expected 
normal value. For the reasons already indi- 
cated, however, we believe that the effective- 
ness of revascularization procedures in pro- 
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Fic. 5. Epicardial fat covered by a layer of granulation tissue composed of many foreign body 
giant cells. Thin walled blood vessels can be seen traversing the epicardial fat and entering the 


myocardium. Talc crystals were always found in such regions. 


original magnification 87.5.) 


moting extracoronary collateralization may be 
‘more readily evaluated by measuring directly 
the amount of blood perfusing the heart. 


ILLUSTRATIVE CLINICAL CASE REPORTS 


Plachta, Thompson and Speer*' have dem- 
onstrated pathologically the excellent vascu- 
larity of the granulation tissue resulting from 
talc poudrage. We have noted similar changes 
at postmortem examination in a patient treated 
by one of us. 


Case 1. A 71 year old widowed female physician 
was hospitalized on March 31, 1958 because of a 
suspected myocardial infarction following daily 
anginal attacks. The patient was a mild diabetic and 
had an 8 year history of angina pectoris for which she 
took vasodilators and narcotics liberally. In 1957 and 
1958 she had myocardial infarcts and was maintained 
on continuous anticoagulant therapy. Her angina 
became increasingly severe, even at rest. Serial elec- 
trocardiograms on admission did not sustain the 
diagnosis of an acute myocardial infarction. Be- 
cause of the severe angina at rest and the patient’s 
strong desire for surgical relief, a talc poudrage was 
performed on April 22, 1958. The procedure con- 
sisted of the removal of a 5 cm. segment of costal 
cartilage; a 3 cm. pericardiotomy was performed and 
2.75 gm. sterile talc U.S.P. was dispersed in the peri- 
cardial sac. Both internal mammary arteries were 
ligated incidentally. She was discharged on June 5, 


NOVEMBER 1961 


(Hematoxylin and eosin stain; 


1958. It was impossible to make a precise postopera- 
tive evaluation because of the patient’s continued in- 
take of narcotics. It is believed, however, that she 
required less vasodilators and the patient stated that 
she had milder and fewer anginal attacks. Fifteen 
months postoperatively the patient died. It was 
thought clinically that the patient died from other 
than cardiac causes. 

An autopsy restricted to the heart was performed. 
The postmortem examination did not demonstrate 
adequate coronary atherosclerosis to account for the 
angina; rather, an unsuspected aortic stenosis was 
found. On gross examination, there was marked 
fibrous adherence of the epicardium and pericardium 
with obliteration of the pericardial sac. The heart, 
including attached pericardium, weighed 650 gm. 
Gross scarring of the myocardium was evident. The 
coronary arteries were patent throughout and had 
moderate atheromatous changes. The aortic valve 
measured 7.5 cm. in circumference. The cusps were 
thickened and sclerotic, containing several small calci- 
fied vegetations. 

Figures 3, 4 and 5 depict representative areas of 
histologic sections. Figure 3 demonstrates the myo- 
cardial fibrosis which was distributed throughout the 
heart. Figure 4 illustrates an area of pericardium and 
adjacent epimyocardium with the epicardial fat 
appearing rather unremarkable, much as would be 
seen in an untreated heart. Interestingly, talc crys- 
tals could not be found in these areas. It is our opin- 
ion that the small pericardiotomy incision limited ex- 
tensive dispersal of the talc about the pericardium. 
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Figure 5, in contrast, depicts a well-vascularized area 
of granulation tissue with many thin-walled blood 
vessels traversing the epicardial fat and entering the 
myocardium. On dark-field examination, numerous 
doubly-refractile crystals could be seen lying free in 
the granulation tissue and in many of the foreign body 
giant cells. 


Comment: Similar changes in hearts exam- 
ined as long as 10 years following talc poudrage 
were demonstrated by Plachta et al.*! They 
believe that the talc acts as a focus of continued 
irritation, to the pericardium, thereby effecting 
continued vasodilatation, resulting in adhesions 
with rich collateral vascularization. Indeed, 
the contrast between Figure 4, an area lacking 
talc crystals, and Figure 5, would seem to bear 
out their contentions. 

A clinical case, treated by us with a phenol- 
talc procedure and representative of this method 
of revascularization is here presented. 


Case 2. A 60 year old single woman was admitted 
to the hospital on December 1, 1958, because of in- 
creasingly severe angina decubitus. She had a long 
history of hypertension with known systolic blood 
pressures of 150 mm. Hg atage 18. In 1944, following 
blood pressures of 300/120-150 mm. Hg, a Smithwick 
sympathectomy was performed. In 1952, at chole- 
cystectomy, the blood pressure was 170/100. In the 
5 years preceding the admission under discussion she 
had increasingly severe angina on exertion and at rest. 
In the 9 months prior to admission she had four 
‘borderline’ coronary occlusions. She was receiving 
vasodilators, codeine and meperidine daily without 
relief. Her admission blood pressure was 192/94. 
An x-ray film of the chest was interpreted as showing 
“left ventricular and aortic accentuation.” The 
cardiothoracic ratio was within normal limits. An 
electrocardiogram revealed depressed S-T segments 
and inverted T waves in lead aVF and flat T waves in 
the lateral precordial leads. 

On December 4, 1958 a phenol-talc cardiopexy 
was performed. ‘The fifth costal cartilege was re- 
moved in its entirety as well as 5 cm. of the fifth rib, 
anteriorly. A 6 cm. pericardiotomy was performed. 
Phenol (95 per cent) was applied to the epicardium 
and pericardium and 12 gm. of sterile talc was widely 
dispersed throughout the pericardial sac. The patient 
did well postoperatively, although vasopressors were 
required for 72 hours. She complained intermit- 
tently of pain in the anterior chest wall with radiation 
down both arms. ‘These pains were relieved fre- 
quently by injections of sterile water. She was dis- 
charged January 10, 1959. 

Since her discharge, her cardiac status has been 
excellent. Because of abdominal pains she was 
hospitalized in December 1959; the diagnoses of 
hiatus hernia and duodenal ulcer were established and 
she maintained an ulcer regimen. 


She was last seen December 6, 1960 (2 years post- 
operatively) at which time she felt well, although com- 
plaining of occasional abdominal pain which fre- 
quently would precipitate an anginal attack. She 
was able to move about freely, had no angina at rest 
and was able to relieve her occasional exertional 
angina with nitroglycerin alone. At this time her 
pulse was 80 and regular. Blood pressure was 180/ 
95 and examination of the heart was within normal 
limits. The chest wound was well healed. 

In summary, this represents a 2 year follow-up 
study in a patient treated by phenol-talc cardio- 
pexy, who now has a stable electrocardiographic 
record, is no longer incapacitated and, on the 
contrary, is comfortable without fear of im- 
pending death, with a reduced intake of 
vasodilators and narcotics. We believe that 
she is representative of the good clinical results 
obtainable with the procedure in carefully se- 
lected patients. 


COMMENTS 


The phenol-talc procedure for myocardial 
revascularization has been demonstrated to be 
an effective means of bringing new blood to the 
ischemic heart. Moreover, the value of the 
procedure in enhancing already existing or 
promoting new intercoronary communications 
has been well demonstrated by Beck® who be- 
lieves that this may indeed be its greatest virtue. 
There is no doubt that both of these effects are of 
genuine benefit to the patient with an anoxic 
myocardium. The prevention of electrical 
instability by widespread anastomoses among 
the major tributaries and the addition of new 
blood to myocardial cells bordering on anoxia 
and death are both of great value. 

However, one must place this means of in- 
direct revascularization in a perspective based 
on current and continuing advancements in this 
field. Sones’? technic for coronary angiography 
has developed so far that patients with sympto- 
matic coronary artery disease may be subjected 
to this diagnostic tool when clinically indicated, 
with little fear. Indeed, further refinements 
and increased experience with coronary angi- 
ography in general may soon open the way for 
the routine application of this examination to 
asymptomatic patients of the proper age group 
as well. This will delineate the population into 
those with normal hearts and those with various 
degrees of coronary atherosclerosis. 

Szilagyi and co-workers* in their postmortem 
study of 190 hearts showed that clinically mani- 
fest coronary atherosclerosis was generalized 
and hearts of clinically symptomatic subjects 
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could have been operated for cure by a direct 
surgical approach in only 13 per cent of in- 
stances. Noteworthy also is the fact that only 
40 per cent of asymptomatic patients having 
coronary artery disease were operable for cure 
based on various technical criteria. 

With the proper utilization of already availa- 
ble diagnostic tools symptomatic patients may 
be classified into those without coronary artery 
disease and those whose symptoms are of non- 
cardiac etiology, those having a localized seg- 
mental block and those with widespread diffuse 
coronary sclerosis. Some of the latter will, of 
course, have disease of such extent that no 
surgical treatment would be indicated; some 
of those with localized disease might well have 
other contraindications to direct surgical attack. 
Bailey“ has pointed out some of these contraindi- 
cations: old age, congestive heart failure, hy- 
pertension, diabetes and renal disease. For the 
remainder of the patients with localized seg- 
mental disease, direct surgical approach may 
well be highly desirable. Longmire and Can- 
non* and Bailey** have presented the results of 
coronary endarterectomy performed clinically. 
Crafoord*® has reported a means of enlarging 
the coronary arterial lumen by placing autog- 
enous vein grafts as “‘patches” on the opened 
coronary arteries. For the large group of 
patients, however, without isolated blocks but 
with diffuse stenotic disease, as well as those for 
whom the direct approach is contraindicated, 
the phenol-talc revascularization procedure 
would be of genuine value. 

With still greater experience in the use of 
diagnostic technics, the benefits of these pro- 
cedures might well be offered to asymptomatic 
patients in the not-too-distant future on a 
prophylactic basis, with, thereby, a markedly 
increased salvage rate. 


SUMMARY AND CONCLUSIONS 


The phenol-talc procedure for myocardial 
revascularization has been studied by measure- 
ment of the extracoronary blood flow in dogs. 
In the presence of a relative myocardial ischemia 
this procedure has been demonstrated to bring 
to the heart 4.3 cc. per minute of new blood as 
compared with 0.6 cc. per minute and 0.3 cc. 
per minute in control procedures. A compari- 
son of these results with those for other vasculari- 
zation procedures has been made. The im- 
portance of direct measurement of the coronary 
blood flow as the means of assessing revasculari- 
zation procedures has been stressed. 
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The well-vascularized granulation tissue re- 
sulting from cardiopexy has been illustrated. 
A representative clinical case and a discussion of 
the relationship of phenol-talc cardiopexy to the 
procedures for direct surgical attack on the 
coronary vessels have been presented. We be- 
lieve that when indicated, the phenol-talc 
cardiopexy represents a satisfactory means of 
replenishing the myocardial blood supply with a 
minimum of surgical risk. 
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New Method 


Localization of Right to Left Shunts with an 


Intravascular Polarographic Anode Sensitive 
to Ascorbic Acid’ 


SAMUEL KAPLAN, M.D., LELAND C. CLARK, JR., PH.D.,f F. KATHRYN EDWARDS, M.D., 
MariAN E. GALLAHER, M.D. and R. Puy iis Fox, M.A. 


Cincinnati, Ohio 


E DETECTION and localization of right to left 
and extracardiac shunts may 
be accomplished by selective angiography,'” 
dye indicator dilution technics,*~> and indicator 
dilution procedures using radioactive sub- 
stances.*-§ Electrode sensors have been used to 
detect saline? and hydrogen-saturated saline’ 
indicators. The purpose of this communication 
is to report the development of intravascular 
polarographic electrodes which are sensitive to 
ascorbic acid and to demonstrate their value in 
the localization of right to left shunts. 


THEORY 


Polarographic cathodes have been widely used 
in biology to measure oxygen. The less known 
polarographic anodes are depolarized, and hence 
allow current to flow, by certain readily oxidiz- 
able substances such as ascorbic acid. Anodi- 
cally polarized platinum electrodes are not sensi- 
tive to oxygen. 

The Clark electrode" utilizes an applied vol- 
tage of —0.6 volt for the electroreduction of oxy- 
gen. Polarograms, or current voltage diagrams 
of electrodes in ascorbic acid solutions, indicate 
that the electro-oxidation plateau for ascorbate is 
about +0.85 volt. Both platinum cathode and 
platinum anode may be used with a silver refer- 
ence electrode. Oxidation of ascorbic acid to 
dehydroascorbic acid with the release of two 
electrons occurs in the presence of the anode. 


MATERIALS AND METHODS 

The Anode: Platinum beads with a glass-insulated 
shank were sealed into polyethylene tubing which was 
used as a catheter. Alternately, 22 or 28 gauge plat- 
inum wire, insulated with the epoxy resin enamel G, 
was used for introduction into small peripheral ar- 
teries. The insulation was removed from the wire so 
as to leave an exposed tip of 1 to 3 mm., and the cut 
end was beveled. 

The Cathode: An ‘‘L” shaped piece of sheet silver, 
or a heavily plated electrocardiogram electrode, was 
used as the cathode or reference electrode. Conven- 
tional electrocardiographic paste was used to make 
contact with the skin. 

The Circuit: The polarizing circuit shown in 
Figure 1 was devised so that voltages could be ad- 
justed up to 1.4 volts. The current from the anode 
can be reduced in half or in fourth by the sensitivity 
switch shown. The output terminals, labeled “‘gal- 
vanometer,” can be connected to recording poten- 
tiometers. 

Animal Experiments: ‘The platinum anode was in- 
troduced into the arch of the aorta through the fe- 
moral or carotid artery in such a way that the active 
surface of the tip was in a free-flowing arterial stream. 
Ascorbate solutions were injected into the vena cava 
of anesthetized dogs, near the right atrium, through a 
polyethylene catheter. Introduction of the tip into a 
branch of the aorta was the most common cause of a 
sluggish response of the electrode. 

Human Studies: A platinum wire electrode was 
inserted for a distance of about 0.5 cm. into the ex- 
posed common femoral artery at the groin or the bra- 
chial artery at the antecubital fossa of patients under- 
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Electrodes 
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Calibrate 


Fic. 1. Biopolarographic circuit for use with galvanometer or 10 mv. potenti- 


ometer. 


100mg 
Ascorbic Acid 


Fic. 2. Consecutive curves obtained from the injection of ascorbic acid into the 
superior vena cava of an anesthetized dog. The anode was an insulated 28 gauge 
platinum wire. Records were obtained with a photoelectric galvanometer. 
In this tracing 10 cm. = 3.84 wa. The applied voltage was 0.8 volt. AT = 
appearance time; BI = build-up time; PCT = peak concentration time; 
RT = recirculation time; PT = passage time; DT = disappearance time; 
PC = peak concentration; RC = maximal recirculation concentration; LC 


= least concentration. 


going routine cardiac catheterization for the diagnosis 
of congenital heart disease. Some studies were done 
with the anode mounted in a polyethylene catheter 
which was advanced into the aorta from the brachial 
artery. Ascorbic acid was injected at various sites 
in the lesser circulation through a cardiac catheter. 
Dosage of Ascorbic Acid: Isotonic sodium chloride 
was used to dilute sterile sodium ascorbate prepara- 
tions. With high sensitivity instruments as little as 10 
mg. can be used for each injection, but multiple doses 
as high as 25 to 100 mg. of ascorbate can be adminis- 
tered safely. The volume of solution did not exceed 


2 ml. A greater current is produced from a larger 
electrode. 
Method of Right Heart Catheterization: ‘The patients 
were catheterized through the saphenous vein at the 
groin or the right medial antecubital vein while under 
light sedation with a mixture of meperidine, chlor- 
promazine and promethazine.” An image intensifier 
(Phillips) and a closed circuit television camera and 
screen were used to monitor the position of the cath- 
eters. Statham strain gauges and oscillogrophic cam- 
eras (Electronics for Medicine) were used to measure 
pressures. Oxygen saturation of blood samples was 
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MAIN PULMONARY ARTERY RIGHT VENTRICLE 


RIGHT ATRIUM SUPERIOR VENA CAVA 

PRESSURE | BLOOD O02 
mm Hg SAT. (%) 

BRACHIAL ARTERY 95/60 93 

PULMONARY ARTERY 287/10 75 

RIGHT VENTRICLE 25/0 78 

RIGHT ATRIUM 5 74 

SUPERIOR VENA CAVA 

INFERIOR VENA CAVA - 76 


Fic. 3. Normal dynamics in right side of the heart. Curves 
obtained after the injection of 10 mg. ascorbic acid at var- 
ious sites in the lesser circulation. Platinum wire anode 
in brachial artery. Arrows indicate instant of injection. 
Time lines = 1 second. Records obtained with a d.c. 
amplifier. 
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MAIN PULMONARY ARTERY 


RIGHT VENTRICLE 


| 


RIGHT ATRIUM SUPERIOR VENA CAVA 


PRESSURE | BLOOD Op 

mm Hg SAT (%) 
AORTA "3/72 95 
PULMONARY ARTERY "5/53 79 
RIGHT VENTRICLE 1570 8! 
RIGHT ATRIUM 2 7 
SUPERIOR VENA CAVA - 72 
INFERIOR VENA Cava - 72 


Fic. 4. Ventricular septal defect. Records obtained after 
injection of 10 mg. ascorbic acid at various sites in the 
lesser circulation. Platinum wire anode in femoral ar- 
tery. Arrows indicate instant of injection. Time lines 
= 1 second. Records obtained with a d.c. amplifier. 
Although the oxygen saturation was normal, the ascorbic 
acid curves indicate a right to left shunt. 


Seconds 


RIGHT VENTRICLE 


FEMORAL ARTERY 


PULMONARY ARTERY 


RIGHT VENTRICLE 
INFUNDIBUL UM 
BODY 


RIGHT ATRIUM 


SUPERIOR VENA CAVA 


PRESSURE | BLOOD O2 
mm Hg SAT. (%) 
105/680 78 
1070 62 
36/0 56 
103/0 55 
60 
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INFERIOR VENA CAVA 


Fic. 5. 


Tetralogy of Fallot. Injection of 10 mg. ascorbic 


acid into right ventricle with platinum wire anode in 


femoral artery. 


Record obtained with a d.c. amplifier. 


Arrow indicates instant of injection. 


The early ap- 


pearance time identifies the right to left shunt. 


measured spectrophotometrically by a modification 
of the procedure of Gordy and Drabkin.™ 


RESULTS 


Animal Experiments: One hundred and forty 
injections of ascorbate were made in sixteen 
dogs. Figure 2 shows a galvanometer tracing 
obtained from three successive injections of 100 
mg. of sodium ascorbate. 

Reproducible currents were obtained follow- 
ing the injection of identical doses of ascorbic 
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acid. Expressed in microamperes, the peak con- 
centration varied between 1.8 and 2, maximal 
recirculation concentration from 1.5 to 1.7 and 
the least concentration from 1.1 to 1.2. The time 
components varied from animal to animal, as 
would be expected. Correcting for the base line 
increase, which represents an increasing blood 
level of sodium ascorbate, the area under the 
curves shown in Figure 2 was between 1.12 and 
1.21 square inches. 


Human Studies: Representative curves ob- 


| 

pal 

| | 

| 

a Rt 

| 


RIGHT ATRIUM 


Fic. 6. Tetralogy of Fallot. Injection of 50 mg. ascorbic 
acid into right atrium. Arrow indicates instant of in- 
jection. Anode was a platinum bead insulated in glass 
and mounted in a polyethylene catheter which was ad- 
vanced into the ascending aorta. Records obtained with 
a photoelectric galvanometer. (5 cm. = 1.92 ua.) 
The early appearance time identifies the right to left 
shunt. 


tained from the catheterization of twenty pa- 
tients are shown in Figures 3 to 7. Figure 3 in- 
dicates the curves obtained from a 7 year old girl 
with mild congenital aortic stenosis. Although the 
arterial oxygen saturation is at the lower limit of 
normal for this laboratory a right to left shunt 
was excluded by the curves. Appearance times 
were identical. 

Figure 4 summarizes the data obtained from 
the catheterization of an 8 year old boy with a 
ventricular septal defect through which the catheter 
tip could be guided into the aorta. Calculated 
pulmonary arterial resistance was 1,184 dynes 
second cm.~ , but the normal arterial saturation 
suggested the absence of a right to left shunt. 
However, since abnormal, double peak curves 
were obtained after injection of ascorbate into 
the superior vena cava, the right atrium, and the 
right ventricle, but not the pulmonary artery, a 
right to left shunt was demonstrated. The near- 
normal curve shown for the ventricular injection 
may be due to the fact that the injection was 
made selectively away from the defect. 


The depolarization current obtained from a 


platinum anode in the femoral artery, following 
the injection of 10 mg. of ascorbic acid into the 
right ventricle of a 7 year old girl having ¢te- 
tralogy of Fallot, is shown in Figure 5. The large 
early peak, together with an appearance time of 
less than 1 second, illustrates the large right to 
left shunt. Somewhat smaller early peaks were 
recorded following injections into the right 
atrium and vena cava, indicating that in this case 
the ascorbate may have been injected toward the 
defect when the catheter tip was in the right 
ventricle. 

Figure 6 is a galvanometer tracing of the anode 
current following injection of ascorbate into the 
right atrium of a 21 year old man with ¢etralogy 
of Fallot. This patient had undergone a left- 
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RIGHT ATRIUM 


RIGHT ATRIUM 


RIGHT ATRIUM INFERIOR VENA CAVA 
PRESSURE | BLOOD O2 
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RIGHT TR 140/ } 
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Fic. 7. Patent ductus arteriosus. Injection of 10 mg. ascor- 
bic acid at various sites in the lesser circulation. Plat- 
inum wire anode in femoral artery. Arrows indicate in- 
stant of injection. Time lines = 1 second. Records ob- 
tained with d.c. amplifier. The early appearance time 
after injection into right atrium and inferior vena cava 
localizes the atrial septum as the site of the right to left 
shunt. 


sided Blalock-Taussig operation at the age of 13. 
Similar curves were obtained from the vena cava 
and the right ventricle, but a normal curve, with 
an appearance time of 7 seconds, was obtained 
from the pulmonary artery. The small regular 
fluctuations easily seen on this curve are due to 
pulsations in blood flow which decrease the dif- 
fusion layer in the immediate proximity of the 
anode surface. Such pulsations serve to indi- 
cate that the electrode is in a free-flowing blood 
stream. 

The localization of a small right to left shunt 
at a site other than the major defect is illus- 
trated in Figure 7. This 6 year old boy had 
patent ductus arteriosus, marked pulmonary hyper- 
tension (1,200 dynes second cm.) and, as 
found by the ascorbate injections, an atrial septal 
defect. ‘The low femoral arterial saturation by 
itself could be explained by depressed respira- 
tion induced by the sedation, or by a right to left 
shunt. The 3-second appearance time following 
injections downstream from the atrium was re- 
duced to 0.5 to 1.5 seconds following injections 
into the right atrium or the vena cava. The 
small early peak indicates that the shunt is very 
small and may be due to a patent foramen ovale. 


COMMENTS 


For the localization of right to left shunts the 
arterial polarographic anode technic is useful 
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because it obviates the need for blood sampling. 
This is particularly advantageous in infants in 
whom significant volumes of blood may be 
needed for inscription of dye dilution curves and 
in whom the curves are attenuated in traversing 
the fine cannulas necessary. The indicator sub- 
stance is innocuous, and because the electrode 
is insensitive to oxygen, it has a low base line 
current and returns to this base line rapidly fol- 
lowing injections of ascorbate. Although a direct 
comparison with other dilution technics has not 
been made, it is clear that small right to left 
shunts can be detected and localized. 

The polarizing voltage can be obtained from a 
small battery and the circuit can be readily 
adapted to conventional amplifiers and record- 
ing equipment. 

Polarographic measurements can be quantita- 
tive in terms of current and ascorbate concentra- 
tion, and work is in progress toward this end. 
It appears possible to design a platinum electrode 
catheter, or arterial needle electrode, which 
could serve as both a hydrogen electrode'*.* or as 
a polarographic electrode. 


SUMMARY 


The development of an intravascular polaro- 
graphic anode which detects ascorbic acid is re- 
ported and its value in detecting and localizing 
right to left shunts is demonstrated. 
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Case Reports 


Complete Interruption of the Aorta’ 


M. Concepcion Ruiz VILLALOBOs, M.D., DELFINA P. DE BALDERRAMA, M.D., 
JuAN Lopez y Lopez, M.D. and MiGuEL CASTELLANOS, M.D. 


Guadalajara, Mexico 


RECENT REVIEW of the literature on com- 
A plete interruption of the aorta at the level 
of the isthmus revealed only forty reported 
cases.'—57-9 The majority of these patients 
had a limited lifespan; only the one studied by 
Donzelot et al. reached the age of 11 years 
(Table 1). 

The case of a patient studied recently in the 
Hospital Civil of Guadalajara, Mexico, is of 
interest because there were some unusual clinical 
features and the patient reached the age of 14 
years. The principal malformation was cor- 
rected successfuly by surgery. 


CasE REPORT 


This 14 year old boy was the product of an un- 
complicated, full term delivery. However, the 
mother had had hyperemesis and frequent respiratory 
infections during the first trimester. One sibling (the 
previous child) was cyanotic and died a few hours 
after birth. 

The patient has had frequent and severe infections 
of the lower respiratory tract, beginning with severe 
bronchopneumonia during the first months of life. 
Dyspnea, hemoptysis and profuse epistaxis have be- 
come prominent during recent infectious episodes. 

The patient has always had limited physical en- 
durance, but it was not until he was 5 years old dur- 
ing one of the respiratory infections, that a heart 
murmur was discovered. At the age of 8 the patient 
complained of frequent frontooccipital headaches 
and at the age 13 years occasional fainting spells 
developed. At the age of 14 years the patient had a 
severe infectious condition, thought to be subacute 
bacterial endocarditis. This was not proved. De- 
spite negative blood cultures 20 million units of peni- 
cillin was given daily for a 2 week period, the patient 
responded well. 


Physical examination revealed an underdeveloped boy 
who appeared younger than the stated age of 14 
years. The carotid pulsations were regular and had a 
bounding quality. A moderately harsh systolic 
murmur accompanied by a thrill was present over the 
neck vessels. ‘The pulse in these vessels and in the 
suprasternal and supraclavicular areas was bound- 
ing in type. The chest was asymmetrical due to a 
large bulge in the precordial region. A _ well-de- 
veloped collateral circulation was both visible and 
palpable over the posterior aspect of the chest. A 
diffuse precordial heave was present, the greatest im- 
pulse being in the epigastrium. ‘There was a systolic 
thrill palpable in the epigastrium and along the left 
sternal border, particularly in the fifth and sixth 
intercostal spaces. The apical impulse was diffuse 
and easily palpable in the seventh left intercostal 
space. Percussion revealed (in addition to cardio- 
megaly) an area of dullness extending 3 cm. to the 
left of the sternum in the second and third intercostal 
spaces. A systolic thrill was palpable in the same 
area. The heart rate was 90 per minute and the 
rhythm was regular. A harsh systolic murmur was 
heard along the left sternal border with grade 4 in- 
tensity in the fifth and sixth left intercostal spaces. 
This murmur extended toward the left axilla and the 
back. A soft, grade 1 to 2 systolic murmur was heard 
at the apex. The second heart sound was accentuated 
in the second and third intercostal spaces on both 
sides of the sternum. The blood pressure was 220/120 
mm. Hg in both arms and 120/80 mm. Hg in the 
legs. There was slight cyanosis of the toes, increasing 
with physical exertion. Examination of the eye 
grounds disclosed moderate vascular arteriolar 
sclerosis. ‘The hemoglobin and red blood cell counts 
were within normal limits. 

The roentgenogram of the chest in the posteroanterior 
view (Fig. 1A) revealed moderate cardiomegaly. 
Both ventricles were enlarged. The pulmonary artery 


* From the Hospital Civil, Guadalajara, Mexico. 
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TABLE I 
Summary of Twenty-Seven Reported Cases of Complete Interruption of the Aorta 


Author Age and Sex Deceased yo 
Seidel”* 1818 Hours, M Yes No 
Letterer'* 1923 5 days, F Yes No 
Abbott? 1927 15 days, .. Yes No 
Abbott? 1927 1 day, ... Yes No 
Abbott? 1927 6 mo., Yes No 
Gaspar" 1929 6 mo., F Yes No 
Evans? 1933 5 days, M Yes No 
Evans* 1933 2 days, F Yes No 
Evans? 1933 11 days, M Yes No 
Hamburger"* 1937 1 mo., M Yes No 
Wiseman et al.?’ 1948 71 hours, M Yes No 
Taussig”® 1960 Yes No 
Stewart 1948 45 hours, F Yes No 
Jew et al. 1952 53 hours, M Yes No 
Kintner* 1953 14 hours, M Yes No 
Donzelot® 1954 Yes No 
Barger et al.* 1954 9 days F Yes No 
Dorney et al.’ 1955 5 yr., F Yes No 
Merril et al.'® 1957 3 yr., F ? Yes 
Everts-Su4rez et al.!! 1959 3 days, M Yes No 
Espino-Vela et al.° 1959 3 yr., F Yes No 
Abrams? 1958 4 yr., Yes No 
Fournier et al." 1960 2 mo., F Yes No 
Noonan et al. (4 cases)” 1958 20 days, . Yes No 
Noonan et al.” 1958 | ae Yes No 
Quie et al.” 1959 “ Yes Yes 
Ruiz Villalobos et al. 1961 14 yr., M No Yes 


was prominent; the hilar vascular shadows were in- 
creased and there were a few notchings at the lower 
margin of some ribs. 

The electrocardiogram (Fig. 2) revealed an unusual 
axis deviation with deep S waves in leads 1, u, m1 
and aVF, and prominent R in aVR. There were 
Rsr’s’ complexes in lead V; and diphasic deflections 
(RS) in V2 to Vy. The morphology of the ven- 


tricular complexes in leads 1, Vs; and Vs was qRS, 
with positive peaked T waves. The T waves were 
inverted in V; to V3. The tracing was interpreted 
as suggestive of incomplete right bundle branch 
block, biventricular hypertrophy, left ventricular di- 
astolic overloading and right ventricular diastolic 
and systolic overloading. 

Cardiac Catheterization: ‘These data led to the clinical 


Fic. 1. Roentgenograms in P-A view. A, preoperative film. Note the enlargement of the heart and the profuse 
vascularity of the lungs. B, postoperative film. Note the smaller heart size and the diminished vascularity of the 


lungs. 


NOVEMBER 1961 


ge 
| 
yi. 
hath 
| 
| Pee 
A B 
AV 


666 Ruiz Villalobos et al. 


Fic. 2. Electrocardiogram suggestive of partial right 
bundle branch block and biventricular hypertrophy. 


diagnosis of coarctation of the aorta, patent ductus 
arteriosus and ventricular septal defect. Cardiac 
catheterization™ disclosed the presence of a patent 
ductus arteriosus which was traversed by the catheter 
(Fig. 3). Data from this study are shown in Table 
II. 

The patient was referred for surgery with the diag- 
nosis of patent ductus arteriosus and coarctation of 
the aorta. Ventricular septal defect was not entirely 
excluded as an additional possibility. 

Surgical Findings: ‘The heart was considerably en- 
larged. A thrill was felt over its entire surface. The 
intercostal arteries, especially the first two or three 


Fic. 3. A catheter is shown within the heart and in the 
aorta, through a “patent ductus arteriosus”; actually 
it is entering the initial portion of the descending aorta 
which arose from the pulmonary artery. 


pairs were dilated and tortuous. ‘The aorta arose from 
the left ventricle in a normal fashion, ascended nor- 
mally and gave origin to the right innominate artery, 
the left carotid artery and the left subclavian artery. 
These vessels were normally distributed. ‘The pul- 
monary artery was approximately three times normal 
size and larger than the aorta. It arose in the usual 
fashion from the right ventricle. The right pulmonary 
artery was not remarkable, the left pulmonary artery 
arose at a sharp angle and was extremely dilated. 
The descending aorta emerged from this branch at the 
site where the ductus arteriosus is usually found, when 
patent. The first portion of this descending aorta 
was narrow in comparison to the remainder of the 


TABLE II 
Catheterization Findings 


Oxygen Oxygen Blood 
Site Content | Saturation | Pressure 
(vol. %) (%)  \(mm. Hg) 
Superior vena cava | 12.87 74.73 eer 
Right atrium 12.75 74.04 (7)* 
Right ventricle 12.87 74.73 90/1.6 
(38) 
Pulmonary artery 12.87 74.73 90/36 .3 
Right (51) 
Left 12.75 74.04 mae 
Aorta 12.99 75.43 117/74 
(88) 
Femoral artery 13.04 75.60 eis 
Brachial artery 14.89 86.48 a 
Pulmonary capillary (18) 


* Numbers in parentheses indicate mean pressures. 
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ASCENDING 
AORTA 


d.v.p. 
Fic. 4. Drawing showing the aorta and its branches 
before the operation. 


vessel. In fact, this first part was actually the patent 
ductus arteriosus connecting the two vessels without 
a definite line of demarcation. ‘These relationships 
are diagrammed in Figure 4. ‘The distribution of the 


vagus and the recurrent laryngeal nerves was that 
usually seen in cases of patent ductus arteriosus. 
Figure 5 shows the aorta arising from the left pul- 
monary artery, pulled back slightly with a tape. 

After the anatomy of the vessels was understood 
clearly, the descending aorta was clamped for 15 
minutes and intravascular pressure readings were ob- 
tained by a needle inserted into the pulmonary ar- 
tery. Because there was no significant alteration in 
pressure, the aorta was severed from the pulmonary 
artery. A Teflon graft, 15cm. long and 2 cm. in di- 
ameter, was anastomosed end to side with the left 
subclavian artery; the lower end of the graft was 
anastomosed end to end with the distal portion of the 
descending aorta. Figure 6 shows the portion of this 
graft, which functioned perfectly. Pressures and 
blood samples were obtained in the aorta, in the 
graft and in the pulmonary artery at the end of the 
procedure. Oxygen saturation was identical in the 
graft and in the aorta and equal to 89.07 per cent. 
Both had equal pressures of 135/80 mm. Hg. Oxygen 
saturation in the pulmonary artery was 75.5 per cent. 
The pressure in this vessel decreased from 90/36 to 
75/30 mm. Hg. 


Fic. 5. Photograph showing the pulmonary artery (PA) to the left (the largest vessel) and the aorta (AO) pulled 


with a tape, arising from the pulmonary artery. 


Fic. 6. The Teflon graft in place, sutured to the descending aorta below and the subclavian artery above. 
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Systemic blood pressure 24 hours after surgery was 
130/90 mm. Hg in both arms and legs. At the end 
of the third day mild symptoms of cardiac failure de- 
veloped but were promptly alleviated with digitalis 
therapy. 

Postoperative Results: ‘The remainder of the post- 
operative course was uneventful. One month after 
surgery the pressure in the legs increased, reaching 
150/80 mm. Hg; the pressure in the arms remained 
135/75 mm. Hg. The blood pressures have been 
stable for 7 months postoperatively. 

Radiologic improvement was noted—the size of 
the heart was considerably reduced and both ventricles 
decreased in size (Fig. 1B). The profuse vascularity 
of the lungs was also reduced; however, the promi- 
nence of the pulmonary artery remained unchanged. 
The shadow of the graft is easily seen above the pul- 
monary artery arch (Fig. 1B). 

The electrocardiogram taken 1 month after sur- 
gery revealed few changes when compared to the 
preoperative tracing. Systolic overloading of the 
right ventricle diminished. 

Physical examination disclosed vigorous arterial 
pulsations in the neck and suprasternal region, a 
grade 2 systolic thrill over the right carotid artery and 
a grade 1 systolic thrill over the left carotid artery. 
The apical impulse was now at the fifth left inter- 
costal space and its impulse was about 2 cm. in area. 
At this site there was a grade 1 systolic murmur trans- 
mitted to the left axilla. Nothing abnormal was 
noted in the epigastrium. A basal systolic thrill, 
maximal over the third right intercostal space, and a 
grade 1 systolic murmur in the midprecordial area 
remained. 


COMMENT 


In reviewing the medical literature in relation 
to the occurrence of this congenital anom- 
aly, !©—!2,17,20,21,25 jt was found that only two other 
patients had undergone surgery. ‘The patient 
described by Merril et al.'® in 1955 survived 6 
months. ‘The second surgical case was reported 
by Quie et al;”* the patient died 2 days after 
operation. 

The patient reported herein underwent sur- 
gery on February 18, 1960, and at the present 
time is in excellent general condition. 


SUMMARY 


We have studied the case of a 14 year old boy 
with complete interruption of the aortic isthmus 
associated with patent ductus arteriosus and 
probable ventricular septal defect. Surgical 
correction of the interruption of the aorta was 
achieved by anastomosing a Teflon prosthesis 
from the left subclavian artery to the distal 
aorta. 

As far as we know, this patient has had the 


longest survival with good operative results of 
any other reported case. 
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Hemorrhagic Rheumatoid Pericarditis’ 


JERE B. STERN, M.D. and HAROLD J. SOBEL, M.D. 


HE HIGH INCIDENCE of fibrinous and fibrous 
associated with rheumatoid 
arthritis has been consistently documented in 
autopsy studies.'~* We found only one report 
in the literature of hemorrhagic pericarditis 
as a systemic manifestation of rheumatoid 
arthritis.© In this patient and the one reported 
herein fatal cardiac tamponade developed, 
therefore emphasizing the need for awareness 
of this rare but clinically significant occurrence. 


REPORT 


A 50 year old white housewife in acute pulmonary 
edema was admitted to The Mount Sinai Hospital 
on December 28, 1959. Five days prior to admission, 
following the sudden illness of her husband, she be- 
came extremely anxious and, during the next few 
days, pulmonary edema developed. Steroids taken 
over the past six years for rheumatoid arthritis were 
discontinued the day prior to admission. 

Past History: The patient had been hospitalized in 
1938, having had for five months intermittent pain, 
swelling and limitation of motion of the wrist, meta- 
carpal and proximal interphalangeal joints spreading 
to the ankle, knee, hip, shoulder and temperomandib- 
ular joints. Physical examination at that time re- 
vealed slightly swollen, warm, tender joints and both 
a blowing systolic and rough presystolic apical 
murmurs. The heart was not enlarged. These 
cardiac findings were similar to those noted one year 
previously when a parotid tumor was removed. 
Over the next six years she was readmitted five times 
for exacerbations of rheumatoid arthritis. During 
this period multiple subcutaneous nodules and 
splenomegaly developed. The heart murmurs per- 
sisted. She was admitted to various other hospitals 
for similar complaints over the next thirteen years. 
Steroid therapy was begun in 1953. In May 1958 
she was admitted to Mount Sinai Hospital with a 
cough, fever and right-sided pleuritic chest pain. 
Significant physical findings at this time were rales 
at the base of the right lung, a grade 3 apical systolic 
murmur and a presystolic rumble, a loud snapping 
first sound, P2 louder than A», typical chronic rheuma- 
toid joint deformities, subcutaneous nodules over 
extensor surfaces and bilateral episcleritis. Roent- 
genographic examination of the chest (Fig. 1A) 


New York, New York 


* From the Department of Pathology, The Mount Sinai Hospital, New York, New York. 
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showed blunting of the right costophrenic angle and a 
poorly defined infiltration in the right middle lobe. 
The electrocardiogram (Fig. 2A) was suggestive of 


acute pericarditis. She improved on conservative 
management and was discharged seven days later. 
Until her last admission, she had never had signs or 
symptoms of heart failure. 

Physical examination (after initia] treatment of pul- 
monary edema) disclosed a blood pressure of 105/70 
mm. Hg, regular pulse rate of 138, respirations 24 
and temperature 100.6°F. Classic chronic rheuma- 
toid joint deformities, subcutaneous nodules over the 
extensor surfaces of the extremities, bilateral epi- 
scleritis, and apical systolic and presystolic murmurs 
were again noted. ‘The heart was enlarged with the 
point of maximal impulse at the anterior axillary line. 
Bilateral basilar rales were present. Pertinent 
laboratory data included: sedimentation rate, 38 
mm./hr.; total protein, 6.7 with albumin/globulin 
ratio of 3.0/3.7; serum glutamic oxaloacetic trans- 
aminase, 30; C-reactive protein 2+; antistreptolysin 
titer, 125 units; and lupus erythematosus cell prepara- 
tion was negative. The electrocardiogram revealed 
atrial flutter with 2:1 block. 

Hospital Course: Initial treatment included deslan- 
oside, morphine and mercurial diuretics. Over the 
next few days the following developed: a pericardial 
friction rub, severe joint pains, tachycardia, spleno- 
megaly and red macular patches over the extremities. 
Repeated blood cultures were negative. Chest 
roentgenogram on January 7, 1960 (Fig. 1B), 
showed bilateral thickened pleurae and an enlarged 
heart. A repeat electrocardiogram (Fig. 2B) re- 
vealed digitalis effect and persistent atrial flutter. 
On the sixteenth hospital day dyspnea suddenly 
developed, the friction rub disappeared, heart sounds 
diminished, and marked hepatomegaly, and hepato- 
jugular reflux, basilar rales and leg edema developed. 
The venous pressure was 220 mm. H2O. She be- 
came hypotensive and died several hours later. 


AUTOPSY 


Gross Findings: Numerous subcutaneous nodules 
were present over the extensor surfaces of the 
extremities. Multiple fibrous adhesions were noted 
over both lung surfaces. The pericardial sac was 
markedly distended, tense, bulging, and blue in 
appearance. The heart could be balloted in this 
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A 


Fic. 1, Chest x-ray films. 
ing of the right costophrenic angle. 


the supraventricular segment apparently due to enlargement of the left atrial appendage. 
B, January 6, 1960 (10 days after final admission). 
There is a double density along the upper left border of the heart and a local- 


tricular apical region. 
The heart has a globular configuration. 
ized prominence at the level of the left atrial appendage. 


sac. On incising the pericardium approximately 
350 cc. of red-brown blood gushed out under pressure. 
The epicardium and pericardium were coated by a 
shaggy tan-brown material which was easily removed 


7 


dd 


tet 


Fic. 2A. Electrocardiogram, May 26, 1958. 


Sinus 
arrhythmia averaging 105 per minute with wandering 


pacemaker. Notched P wave. S-T segment elevation 
in leads u, m1, aVF, and V2 to Vs. T wave peaked 
in V2 to V, with high voltage in V3. 
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A, May 1958. Poorly defined infiltration adjacent to the right border of the heart. 
The heart is somewhat large and shows localized prominence of the left border in 


B 


Blunt- 


Slight rounding of the ven- 
Blunting of the right costophrenic angle. 


by scraping (Fig. 3). The left atrium was markedly, 
and the right atrium moderately, dilated. A “‘‘fish- 
mouth” type mitral stenosis was present, barely 
admitting a fingertip. The valve was thickened, 
scarred and focally calcified. ‘The chordae tendineae 
were short and fused. The leaflets of the tricuspid 


4 
{ 


Fic. 2B. Electrocardiogram, December 30, 1959 (2 
days after final admission). Sinus tachycardia, rate 107 
per minute. Nonspecific S-T segment and T wave 
changes; possible digitalis effects. 
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Fic. 3. 


Photograph of heart at autopsy after incision 
and retraction of pericardium, Note the shaggy exudate 
on the epicardial and parietal pericardial surfaces. 


and pulmonic valves, and the endocardium of the 
left atrium were scarred minimally. There were no 
valvular vegetations. The left atrium and right 
ventricle were slightly hypertrophied. The myo- 
cardium appeared within normal limits. The 
splenic and renal capsules revealed focal patchy 
fibrosis. The viscera were congested. 

Microscopic Examination: ‘The epicardium was 
covered by several layers. The superficial one con- 
sisted of fibrin, nuclear debris and acute inflamma- 
tory cells. The deeper one was composed of fibrin 
with early organization and a cellular exudate of 
plasma cells, lymphocytes and occasional foreign 
body giant cells. The myocardium failed to show 
recent or old Aschoff’s bodies. ‘The subcutaneous 
nodules were of the well known rheumatoid type. 
A piece of the joint obtained by small incision re- 
vealed chronic inflammation. The lungs showed 
moderate chronic congestion and edema. 


Comments: This patient’s conspicuous mitral 
stenosis did not cause symptomatic heart 
disease until her acute anxiety episode. When 
pulmonary edema developed, therapy with 
steroids she had been taking for six years was 
discontinued. Several days later, an acute 
exacerbation of systemic rheumatoid arthritis 
developed, with hemorrhagic pericarditis and 
cardiac tamponade, and the patient died. 


COMMENTS 


The previously reported case of hemorrhagic 
pericarditis as a systemic manifestation of 
rheumatoid arthritis is similar to the case 
presented herein. The patient reported ear- 
lier was a 52 year old woman who had a long 
history of rheumatoid arthritis with episodes 
of pleuritic and precordial pain. The with- 


drawal of steroids resulted in exacerbation. 
Her terminal admission followed also a short 
period of steroid withdrawal. A flare-up of 
the rheumatoid disease resulted, and acute 
right heart failure and shock developed. 
Autopsy revealed a pericarditis with a hemo- 
pericardium of 350 cc. and pleuritis. Micro- 
scopic examination of the pericardium showed 
a fibrinous exudate overlaying a layer of granu- 
lation tissue with a cellular exudate similar to 
that in our case including numerous large 
multinucleated giant cells. 

The incidence of pericarditis as an autopsy 
finding in patients with rheumatoid arthritis is 
significantly high. The frequency of this asso- 
ciation was noted as early as 1904 by Barié.’ 
Graef,? in his series of sixty-six hearts from 
patients with rheumatoid arthritis, found thirty- 
three cases of pericarditis. Young and Schwedel5 
discovered nineteen case of pericarditis in their 
series of thirty-eight autopsies of rheumatoid 
cases. Egelius et al.' collected 439 autopsy re- 
ports from seven series of autopsies of patients who 
had rheumatoid arthritis and noted pericarditis 
in 133 cases, an incidence of 31 per cent. In 
an exacting study by Sokoloff,‘ pathologic 
material from autopsies of 101 patients who had 
rheumatoid arthritis was examined and the find- 
ings compared with those in 1,154 control autop- 
sies. The incidence of pericarditis in the 
cases of rheumatoid arthritis was 40.6 per cent, 
whereas the incidence in the control series was 
8.8 per cent. The patients in these series had 
chronic deforming rheumatoid arthritis of 
long-standing with typical clinical, roentgeno- 
logic and laboratory findings. 

Pathologically, in the large majority of these 
cases the pericarditis was fibrous adhesive or 
obliterative. A few patients had acute fibrinous 
pericarditis, occasionally with a granuloma- 
tous inflammation. In only few of the cases 
observed did the pericardium show histologi- 
cally the lesion found in subcutaneous nodules 
of rheumatoid arthritis*~" which is the only 
specific lesion. These are cases of severe sys- 
temic rheumatoid arthritis with lesions in some 
or all of the following locations: myocardium, 
heart valves, dura, splenic capsule, lung, pleura, 
peripheral nerves, sclerae, esophagus and skele- 
tal muscle. Acute fibrinous pericarditis is 
found in patients who die during an acute 
flare-up of systemic rheumatoid arthritis. Fi- 
brous pericarditis is found in patients with chronic 
rheumatoid arthritis who die from an unasso- 
ciated coexisting disease. Therefore, it has 
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been suggested that the fibrinous pericarditis 
represents a “‘burned-out” acute rheumatoid 
pericarditis.* 

At least two reports in the literature record 
pericardial effusion complicating rheumatoid 
pericarditis. In one case!® 200 cc. of fluid 
removed during life contained many poly- 
morphonuclear leukocytes and a few lympho- 
cytes. Cultures for pyogenic and tubercular 
organisms were negative. At autopsy fibrinous 
pericarditis with 100 cc. of cloudy fluid and 
widespread systemic rheumatoid nodules were 
found. The other case,’* we believe, is one of 
acute benign pericarditis in a patient with 
chronic rheumatoid arthritis, because of the 
typical history, clinical course and absence of 
other manifestations of a rheumatoid flare-up. 
A case of chronic constrictive pericarditis in a 
patient with rheumatoid arthritis is considered 
by us to be probably of fungal or tubercular 
cause as Calcifications were noted in the peri- 
cardium and adrenals.“ 

Discussion of the other systemic manifestations 
of rheumatoid arthritis in this case, episcleritis'® 
and pleuritis'*—'* and of valvular heart disease 
as related to rheumatoid arthritis?—5:!*-19—*! is 
beyond the scope of this paper. However, a 
question may arise concerning the etiology of the 
pericarditis since rheumatic mitral stenosis was 
present. It is our belief that a rheumatic 
origin is not likely for the following reasons: 
(1) The patient had long-term active rheuma- 
toid arthritis with frequent rheumatoid flare-ups. 
The chronic joint picture she presented is not 
found in rheumatic fever. (2) Rheumatoid 
flare-up following steroid withdrawal is common. 
(3) The pericarditis which followed steroid 
withdrawal was associated with a systemic flare- 
up of her previous rheumatoid signs and 
symptoms. (4) No Aschoff’s bodies were found 
in the myocardium which was also otherwise 
normal. (5) A normal antistreptolysin titer 
was present. (6) The finding of mitral stenosis 
is, of course, characteristic of chronic rheumatic 
heart disease and not acute rheumatic fever. 


SUMMARY 


A case of hemorrhagic pericarditis as a 
systemic manifestation of rheumatoid arthritis 
is described which is apparently the second 
reported. Pericarditis is a frequent autopsy 
finding in rheumatoid arthritis. It represents a 
rare cause of death which developed in both 
instances following the withdrawal of steroids. 
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ADDENDUM 
Since preparation of this manuscript Nadas and 
Levy” have reported on five children with rheuma- 
toid pericarditis. One child who died during the 
episode associated with pericarditis had 300 cc. of 
blood in the pericardial sac at autopsy. However, 
this child had hemorrhagic manifestations, including 


a profuse nosebleed and hematemesis, twenty-four 
hours before death. 
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Generalized Glycogenosis’ 


Harry STOECKLE M.D.,— ARMOND S. GOLDMAN, M.D. and JoHN A. WEBB, M.D. 


Galveston, Texas 


ANY CASES of glycogen storage disease of 
M the liver and kidney (Von Gierke’s dis- 
ease) have been described and the enzyme de- 
fect, absence of glucose-6-phosphatase, has been 
known since 1952.!_ The glycogen is structurally 
normal. 

Four other types of glycogenosis due to en- 
zyme deficiencies are known. Lack of the 
brancher enzyme, amylo-1,4 — 1,6-transglu- 
cosidase, has been implicated in one case of gly- 
cogenosis involving the liver, spleen, lymph 
nodes and intestinal mucosa (diffuse glycogeno- 
sis with hepatic cirrhosis). The glycogen struc- 
ture in this disease is structurally abnormal, hav- 
ing fewer branch points and long inner and outer 
chains resembling amylopectin.” 

Deficiency of the debrancher enzyme, 
amylo-1,6-glucosidase, has been found in cases 
with glycogen deposition in liver and skeletal 
muscle.? In this disorder the glycogen has in- 
creased branch points and short outer chains 
like phosphorylase limit dextrin. 

An isolated skeletal muscle type of glycogeno- 
sis due to virtual absence of phosphorylase** 
and an isolated hepatic type due to diminution 
of phosphorylase’ have been described. 

Generalized glycogenosis (heart, skeletal mus- 
cle, liver) has been reported, in frequency second 
only to Von Gierke’s disease, but opportunities 
for enzymatic as well as clinical, pathologic and 
chemical studies have been infrequent. For 
this reason a patient with generalized glycogeno- 
sis in whom enzyme studies were performed is 
reported. 


CasE REPORT 


History: A 4 month old Negro boy was admitted 
on June 12, 1958 with symptoms of poor sucking, 
poor gain of weight and muscle weakness. The infant 
was the product of a full term pregnancy during 


which the mother complained of excessive nervous 
ness and frequent stomach pains. Labor and delivery 
were not remarkable. The infant was born on 
February 17, 1958 weighing 8 pounds 14 ounces. 
For the first month of life frequent greenish, watery 
stools were noted. At 1!/2 months his cry was weak, 
he had gained weight poorly, his arms and legs were 
very “limber,” and he did not move or kick vigor- 
ously. Poor sucking, gagging and choking during 
feedings were noted at 3 months of age and continued 
until admission to the hospital. 

Family History: Six male children from the mother’s 
first marriage were in good health. The patient 
was a product of the second marriage from which 
there were two siblings, a 6 year old girl who was in 
good health and a male infant who had had a re- 
markably similar history of marked muscle weakness, 
dysphagia and died at age 5 months. No postmortem 
examination was performed on this infant. No other 
relatives were known to have muscle weakness, swal- 
lowing difficulties or heart trouble. 

Physical Examination: Inspection revealed a weak, 
listless 4 month old Negro male infant who appeared 
wasted and chronically ill. ‘The facies was dull, the 
cry weak and the tongue large and protruding. The 
weight was 5.1 kg. (normal weight at age 2 months), 
length 63 cm. (normal height at age 5 months), head 
circumference 40.5 cm., temperature 98°F. rectally, 
respirations 40 per minute, pulse 160 per minute 
and blood pressure in the right arm by the flush 
method 90 mm. Hg. An excessive amount of secre- 
tions was present in the nose and oropharynx, and 
coarse inspiratory rales were heard over the lung 
fields. Cardiac size, rate and rhythm were within 
normal limits. A harsh, grade 3 systolic murmur was 
present at the second, third and fourth left intercostal 
spaces parasternally. The liver was palpable 5 cm. 
below the right costal margin. In the prone position 
he could not lift his chin or chest. Movements of the 
extremities were greatly diminished, the muscles 
were flaccid but not atrophic and the deep tendon re- 
flexes were absent 

Laboratory Findings: Hemogram, cephalin choles- 
terol flocculation, thymol turbidity, total serum pro- 


* From the Departments of Pediatrics and Pathology, University of Texas Medical Branch, Galveston, Texas. 
t Present address: Department of Pediatrics, University of Missouri School of Medicine, Columbia, Missouri. 
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teins, albumin and globulin ratio, fasting blood sugar, 
prothrombin time, alkaline phosphatase, serum bili- 
rubin, serum sodium, potassium, chlorides, carbon 
dioxide combining power, calcium, phosphorus, sweat 
chlorides, and total fatty acids were within normal 
limits. Urinalyses were normal except for 1+ 
proteinuria. The protein bound iodine was 3.8 ug. 
per cent (normal for this laboratory 4 to 8 ug. per 
cent). Oral glucose tolerance test was as follows: 
fasting 61 mg. per cent, !/2 hour 76 mg. per cent, 1 
hour 73 mg. per cent, 1!/2 and 2 hours 69 mg. per 
cent, 3 hours 76 mg. per cent. 

Radiographic Examinations: Roentgenogram of the 
chest on June 13, 1958 revealed cardiac enlarge- 
ment with a boot shaped contour. Repeat x-ray 
examination of the chest on August 7, 1958 showed 
generalized cardiomegaly and consolidation of part 
of the upper portion of the right lung. Angiocardio- 
gram performed on July 18, 1958 was noncontrib- 
utory. 

Electrocardiograms: June 13, 1958. ‘The rate was 
140 per minute; P-R interval, 0.09 second; QRS, 


Electrocardiographic tracing on June 13, 1958. 


0.08 second; Q-T 0.28 second; and QRS axis 
plus 70°. The precordial leads,showed evidence of 
right and left ventricular hypertrophy and deep Q 
waves in V; and V¢ suggesting septal hypertrophy. 
The T waves were inverted in leads m, aVF, V; and 

July 11, 1958. The QRS axis shifted to plus 85”, 
a deep S developed in leads 1, aVL, V; and V¢ and 
the T waves in leads m, aVF, V; and Vs. were now 
upright. Digitalis effects were present (Fig. 2). 

September 5, 1958. The QRS axis shifted to plus 
130° and slight S-T segment elevations in V2-Vé 
suggested subepicardial injury. Signs of ventricular 
hypertrophy were unchanged. 

Biopsy of the Gastrocnemius Muscle: Considerable 
fragmentation and vacuolization of muscle fibers were 
noted on the hematoxylin and eosin preparations. A 
large amount of PAS positive material was present. 
After diastase digestion and restaining with PAS 
the number of PAS positive granules was greatly 
reduced. 

Clinical Course: The patient continued to have 
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Fic. 2. Electrocardiographic tracing on July 11, 1958. 


generalized muscle weakness, loose foul stools, gag- 
ging during feedings, pooling of oral secretions and 
sucked poorly. He seemed too weak to handle his 
secretions. Cardiac catheterization and angio- 
cardiography were performed and did not reveal 
any definite abnormalities. On July 30, 1958 his 
temperature rose to 104°F. rectally. There were 
slight grunting respirations, flaring of the ala nasi 
and slight costal retractions. He was treated sup- 
portively with tube feedings, multiple antibiotics, 
digitalis and gamma globulin without improvement. 
He failed to gain weight, his condition gradually 
deteriorated and he died on September 10, 1958, 
at 7 months of age after 3 months of hospitalization. 

Pathologic Findings: The postmortem interval was 2 
hours. Tissues were fixed in absolute alcohol, Car- 
noy’s fluid and 10 per cent buffered formalin. The 
material was stained with hematoxylin and eosin, 
PAS and Best’s carmine. Tissues were incubated in 
diastase for 30 minutes for control. 

Heart. The heart weighed 120 gm. (four times 
normal weight). The thickness of the right ventricle 
was 0.5 cm.; that of the left, 1.1. cm. The epi- 
cardium was smooth and glistening, the myocardium 
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firm and pale brown, the endocardium thin and 
shiny. All valves were delicate and competent. No 
congenital defects were noted. Sections of myo- 
cardial tissue revealed marked vacuolization. Some 
of the muscle bundles were so full of fine granular 
material that the nuclei were pushed to one side. 
Other bundles were only partly involved; a few 
were essentially normal. This vacuolar material 
was strongly PAS positive and was almost entirely 
removed by diastase digestion (Fig. 3A). 

Liver. The liver weighed 315 gm. Sections stained 
with hematoxylin and eosin revealed characteristic 
fine granularity of the cytoplasm and, to a lesser 
degree, of the nuclei. The parenchymal cells were 
markedly positive for PAS staining material, which 
was almost entirely removed by diastase digestion 
(Fig. 3B). 

Skeletal muscle. The muscles were pale pink, firm 
and slightly atrophic. The tongue was large, measur- 
ing 6.0 by 2.5 by 1.2cm. Marked vacuolization and 
fragmentation of muscle fibers were present. Most 
of the sarcoplasm was pushed to one side by the 
vacuolizations. The material in the vacuoles was 
intensely positive for PAS and was virtually removed 


4 4 


oft 
i 
Wi, 
se 
pre 
i 


Stoeckle, Goldman and Webb 


Fic. 3. Demonstration of glycogen by histochemical technics. A, cardiac muscle; B, liver; C, skeletal muscle. Left 
column, stained with hematoxylin and eosin; middle column, stained with periodic acid-Schiff; right column, diastase 
digestion after periodic acid-Schiff staining. 
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Lactate 


(Hexokinase) 


(Glucose-6- Phosphatase) 


Glucose > Glucose-6-PO4 > Glucose + HPOZ 
+ ATP 
(Phosphoglucomutase) 
(UDPG-Pyrophosphorylase) 
<< Glucose-1-PO4 
UTP 
J (Amylo-1, 6- glucosidase ) 
UDPG (Phosphorylase) 
( UDPG-Glycogen 
Transferase ) 


(Amylo-1, 4-91, 6- 
Trans glucosidase) 


> Glycogen 


Fic. 4. Scheme of glycogen metabolism. Enzymes are designated by parenthesis. The following abbreviations are 
used in this diagram: ATP, adenosine triphosphate; UTP, uridinetriphosphate; and UDPG, uridinediphosphate 


glucose. 


after diastase digestion (Fig. 3C). Skeletal muscle 
other than the tongue was involved to a lesser extent. 

Brain. ‘The brain weighed 753 gm. Multiple 
cross sections of the cerebrum and brainstem ap- 
peared normal. The brain demonstrated immature 
development with a persistent outer granular layer 
over the cerebellum which was about two cell layers 
thick. Sections were studied in a variety of prepara- 
tions in attempt to identify abnormal storage ma- 
terial within the neurons; Nissls method, hematoxylin 
and eosin, PAS, Luxol fast blue, Sudan m, Oil-red-O 
and Lorrain Smith-Dietrich stains were made. 
These sections showed large neurons the cytoplasm 
of which was two to three times normal size. No 
Nissl substance was present in most of the enlarged 
parts of the cytoplasm. The neurons resembled 
those in amaurotic familial idiocy; however, no 
lipids or lipoids were demonstrated. A small amount 
of PAS-positive material found in many of these 
enlarged neurons indicated glycogen deposition. 
The neurons most involved in this storage disease 
were those of the medulla and upper part of the 
brainstem. The greatest involvement was seen in 
the hypoglossal nucleus, dorsal motor nucleus of the 
vagus and vestibular nuclei. ‘There was lesser in- 
volvement of the inferior olivary bodies, Purkinje 
cells and dentate nuclei. The cells of the cerebral 
cortex were not particularly involved. 

Lungs. The lungs weighed 65 gm. Widespread 
atelectasis and large foci of hemorrhage were present 
grossly and microscopically. 

Kidneys. The kidneys weighed a total of 85 gm. 
(twice normal size), but were otherwise grossly 
normal. PAS stains revealed a slight nonspecific 
thickening of the basement membranes of many 
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glomerular tufts. This PAS positive material was 
not changed with diastase digestion. Many of the 
tubular epithelium cells had a peculiar clear vacuo- 
lization of cytoplasm with hematoxylin and eosin, 
but failed to contain any significant PAS positive 
material. The remainder of the postmortem exami- 
nation including the gastrointestinal tract, endocrine 
organs, spleen and lymphatics was normal grossly 
and microscopically. 

Tissue glycogen studies. A portion of the premortem 
skeletal muscle biopsy and postmortem tissue from 
the heart, liver and skeletal muscle were collected and 
frozen. Specimens were sent in a frozen state to the 
Department of Biological Chemistry at Washington 
University School of Medicine. Glycogen deter- 
minations were carried out separately at the Wash- 
ington University Laboratory and Research Labora- 
tory of the Department of Pediatrics, University of 
Texas Medical Branch (Table 1). An autoglyco- 
genolysis test was done at the University of Texas 
laboratory. Glycogen content of these tissues was 
the same after storage for 24 hours at room tem- 
perature. 

Enzyme assays (Department of Biological Chemistry, 
Washington University School of Medicine).6 The struc- 
tural analysis of glycogens was within normal limits. 
Thirty-eight to 40 per cent of the total glycogen was 
digested after the addition of recrystallized phos- 
phorylase and purified amylo-1,6-glucosidase (de- 
brancher enzyme). A glucose-6-phosphatase assay 
revealed 540 gammas of glucose-6-PO4 split per 100 
gm. liver per hour. Uridine diphosphoglucose- 
glycogen transferase was present in cardiac muscle 
(1.5 units per gm. tissue) and, cardiac muscle phos- 
phorylase was 93 units total phosphorylase, 692 
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TABLE I 
Glycogen Analysis 


Glycogen Levels 
(gm. per cent net weight) 
Tissue Patient 
mal 
Sub- | Washing- | University 
University | Texas 
Skeletal muscle 
(biopsy ) 1-2 12.1 idle 
(autopsy ) ‘ate 11.6 12.0 
Cardiac muscle Per 5.5 6.6 
Liver 2-4 9.2 8.8 


units phosphorylase A. ‘These enzyme determina- 
tions were within normal limits. 


COMMENTS 


Many clinical and laboratory features dis- 
tinguish glycogen storage disease of the liver 
and kidney. The presence of hepatomegaly, 
hypoglycemia, diminished blood glucose rise 
following epinephrine, hyperlipemia and aceto- 
nemia are characteristic. In generalized glyco- 
genosis confirmatory laboratory tests are lack- 
ing. Liver function studies, glucose and galac- 
tose tolerance tests, epinephrine tests and blood 
lipids have been normal. Laboratory studies on 
this patient were within normal limits except for 
a flat oral glucose tolerance test. Unfortunately, 
this was not repeated and an epinephrine test 
was not performed. 

At the present time the diagnosis of gen- 
eralized glycogenosis during life can be made 
only by chemical demonstration of significantly 
increased glycogen in skeletal muscle tissue. 
Erythrocyte and leukocyte glycogen concentra- 
tions in patients with this glycogenosis have been 
normal although increased quantities of abnor- 
mal glycogen were noted in erythrocytes of pa- 
tients with amylo-1,6-glucosidase deficiency and 
the abnormal structured glycogen amylopectin 
has been isolated in the leukocytes of a patient 
with amylo-1,4 — 1,6-transglucosidase.? The 
histochemical identification of glycogen by PAS 
staining, diastase digestion and restaining with 
PAS is specific. The digestion of PAS positive 
granules by diastase from tissue of this patient is 
clearly depicted in Figure 3. Increased glycogen 
levels in the premortem and postmortem tissues 
of our patient confirmed the diagnosis (Table 1). 


. says.® 


Electrocardiographic findings of biventricular 
and septal hypertrophy were indicative of wide- 
spread, uniform involvement and consistent with 
the report of Friedman and Ash.® The cardiac 
findings were suggestive of a congenital heart 
lesion, but this was not substantiated by angio- 
cardiogram and cardiac catheterization. 

The resemblance to amyotonia congenita was 
striking. However, generalized glycogenosis 
was suspected because of the combination of 
myopathy, macroglossia, cardiomegaly, hepa- 
tomegaly and cretinoid facies. Although the 
cardiac findings were quite prominent, cardiac 
failure did not occur and death was due to ex- 
tensive muscle involvement with pulmonary 
atelectasis and insufficiency. 

Attempts have been made to separate cases 
of generalized glycogenosis into cardiac or skele- 
tal muscle types." The principal areas of glyco- 
gen storage in this case were the heart, skeletal 
muscle (particularly the tongue), liver and 
brain. No differentiation into a cardiac or a 
skeletal muscle type seems possible in this pa- 
tient. Involvement of the central nervous sys- 
tem was confined principally to the midbrain 
and upper medulla with lesser involvement in 
the dentate nuclei and Purkinje cells. This 
distribution is similar to the case of Clement and 
Godman." 

Debrancher enzyme insufficiency has been 
implicated in generalized glycogenosis in one 
patient on the basis of ultracentrifugation stud- 
ies of glycogen,” and in two patients with low 
glucosidase activity and short outer chain glyco- 
gen structure.” Four other cases of generalized 
glycogenosis have been reported from the 
Washington University laboratory revealing nor- 
mal glycogen structure and normal enzyme as- 
Paradoxically, in this case, glycogen 
structure and enzyme assays were normal but 
autoglycogenosis did not occur. . 

The pertinent reactions involved in glycogen 
formation and degradation are depicted in 
Figure 4. Examination of this figure and the 
foregoing data do not provide an explanation 
for the presence of generalized glycogenosis in 
this patient. 


SUMMARY 


A case report of an infant with generalized 
glycogenosis involving the heart, skeletal muscle, 
liver and brain is presented. A genetic origin is 
suggested by the history of a sibling dying at a 
similar age with the same symptoms. Evidence 
is presented that glycogen structure and enzyme 
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determinations were within normal limits but 
autoglycogenolysis was absent. 
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Concealed Retrograde Conduction’ 


Leo SCHAMROTH, M.B., B.CH. (RAND) 


Johannesburg, South Africa 


ONDUCTION through the atrioventricular 
C node and the conducting system does not 
result in an electrocardiographic deflection but 
is inferred from the duration of the P-R interval. 
Occasionally, anterograde penetration of the A-V 
node is incomplete and thus is not followed by 
ventricular activation. Similarly, retrograde 
penetration of the A-V node may occur 
without subsequent activation of the atria. 
This phenomenon has been termed concealed 
conduction.t| The degree of penetration can- 
not be measured directly but its presence is 
recognized by subsequent disturbance of con- 
duction or impulse formation. 

The following is an example of concealed 
retrograde conduction of a ventricular ex- 
trasystole permitting temporary A-V_ nodal 
rhythm with dissociation. 


ANALYSIS OF ELECTROCARDIOGRAM 


The electrocardiogram (Fig. 1) shows a basic 
rhythm in the first two complexes with a dis- 
charge rate of 0.74 second. This is followed 
by a ventricular extrasystole. The P wave of the 
third sinus impulse is dissociated from the ven- 
tricular extrasystole and may be seen superim- 
posed upon the S-T segment of this extrasystole. 
The ventricular extrasystole is followed by three 
nodal beats occurring at a discharge rate of 
0.79 second. The QRS complexes of the nodal 
beats are unrelated to the P waves of the sinus 
rhythm and this short period of nodal rhythm 
therefore occurs with A-V dissociation. Follow- 
ing this, sinus rhythm once again ensues. 

This recording thus demonstrates that the 


{7 LANGENDorF, R. and Picx, A. Concealed con- 
duction. Further evaluation of a fundamental aspect 
of propagation of the cardiac impulse. Circulation, 
13: 381, 1956. 


sinus discharge rate is 0.74 second (illustrated 
as $1-S2 in Figure 2), and the potential nodal 
discharge rate is 0.79 second (illustrated as 
NI-N2 in Figure 2). The nodal discharge 
does not normally become manifest because its 
impulse is prematurely discharged by the faster 
sinus rhythm. For example, the sinus impulse 
S1 in Figure 2 discharges the nodal pacemaker 
N1. This nodal pacemaker, if left undisturbed, 
would discharge 0.79 second later at point 
N2. However, its immature impulse is pre- 
maturely discharged at point X by the earlier 
sinus impulse (S2). Similarly, if the third 
sinus impulse (S3) had penetrated the A-V 
node and discharged the nodal pacemaker at 
position N3, the following sinus impulse (S4) 
would have occurred before the next nodal dis- 
charge (N4) and nodal rhythm would have been 
impossible. The fact that the nodal discharge 
did indeed occur earlier than the sinus dis- 
charge therefore indicates that the third sinus 
impulse (S3) did not discharge the nodal pace- 
maker at position N3. The nodal pacemaker 
was therefore discharged earlier and the only 
possible means for this discharge is retrograde 
conduction into the A-V node of the earlier 
impulse from the ventricular extrasystole (E in 
Figure 2). Thus, the nodal pacemaker is pre- 
maturely discharged at position Y instead of 
N3. This enables the succeeding nodal impulse 
to occur before it is reached by the sinus im- 
pulse i.e., at position Z instead of N4, and a 
nodal beat with dissociation occurs. 

Dissociation persists for three beats with the 
fast sinus impulses occurring progressively 
earlier than the nodal impulses, until eventually 
a sinus impulse occurs sufficiently early to cap- 
ture the ventricles and sinus rhythm once again 
ensues. 


* From the Baragwanath Hospital and the University of the Witwatersrand, Johannesburg, South Africa. 
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Concealed Retrograde Conduction 


| 


Fic. 1. Electrocardiogram, standard lead 1 A = 
atrial level; A-V = A-V nodal level; V = ventricular 
level. 


SUMMARY 


A ventricular extrasystole is followed by 
temporary nodal rhythm with A-V dissociation. 
This is due to the retrograde penetration of the 
A-V node by the extrasystolic impulse which 
discharges the A-V nodal pacemaker prema- 
turely. This enables the nodal escape to occur 
before the arrival of the next sinus impulse and 
nodal rhythm ensues. Retrograde conduction 
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Fic. 2. Diagrammatic representation of the con- 
duction abnormalities of the first four beats in Figure 1. 


of the extrasystolic impulse is thus inferred from 
the subsequent disturbance of rhythm—con- 
cealed conduction. 
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Seminar on the Role of Salt in 
Cardiovascular Hypertension (Part IT) 


Effect of Salt on the Kidney and the 
Juxtaglomerular Apparatus’ 


Louts ToBIAN, JR., M.D. 


A MAMMALS have a marvelous ability to 
retain a proper amount of sodium and 
extracellular fluid in the body. This regulatory 
mechanism is cleariy demonstrated by the 
changes in the rate of sodium excretion stepwise 
with changes in the intake of sodium in the kid- 
ney. If, for instance, the sodium in the diet is 
abruptly changed from 1 per cent to 0.002 per 
cent, the sodium in the urine will progressively 
decrease over the next few days until it has al- 
most disappeared from the urine after 6 or 7 
days. At this point the mammal usually main- 
tains sodium balance with a basic amount of 
body sodium, even with this low intake of 
sodium. When balance is achieved, the mam- 
mal is not unhealthily depleted of sodium, even 
though the intake and output are both very low. 
And as the amount of sodium decreases each 
day in the urine, the amount put out on a given 
day is proportional to the amount of sodium re- 
maining in the body in excess of the basic level. 
With very high intakes of sodium and water ad 
libitum, the reverse of this phenomenon occurs. 
The kidneys excrete large amounts of sodium 
until a balance is. achieved and the daily excre- 
tion matches the daily intake. This regulation 
is not absolutely perfect. Evidence indicates 
that both the blood volume and extracellular 
fluid volume are lower on a very restricted 
sodium intake than they are during a generous 
intake of salt. In various diseases associated 
with edema this mechanism stuffs the body with 
sodium, probably as an inappropriate response 
to an appropriate signal. During hemorrhage 


Minnesota. 


Minneapolis, Minnesota 


* From the Department of Medicine, University of Minnesota Hospital and School of Medicine, Minneapolis, 


or dehydration or the pooling of blood associated 
with an upright posture, the mechanism acts to 
provide a conservation of sodium by the kidney. 


ROLE OF JUXTAGLOMERULAR APPARATUS 


Now the question concerns the mechanism by 
which the renal excretion of sodium is so nicely 
attuned to the effective volume of blood and 
extracellular fluid. In hemorrhage, venous 
pooling, dehydration, heart failure, cirrhosis, 
nephrosis and a low salt intake, all states where 
the excretion of sodium is very low, can we find a 
common denominator? One possible common 
denominator would be a diminished amount of 
blood in the arteries, causing them to be under- 
distended. Hence, we might profitably look for 
a stretch receptor in the wall of some arterial 
structure which would signal when the arteries 
are over- or underdistended. Bartter has found 
evidence for some type of volume receptor in 
the carotid artery. There may be a number of 
volume receptors in different parts of the circula 
tion. I would like to consider the juxtaglomeru- 
lar apparatus as an important volume-regulating 
system. ‘This apparatus consists of the granular 
secretory juxtaglomerular cells which actually 
lie within the wall of the afferent glomerular 
arteriole and the adjacent macula densa cells 
which form a specialized plaque of cells in the 
wall of the distal convoluted tubule at its prox- 
imal end. The granular juxtaglomerular cells 
are in the wall of the afferent arteriole; therefore, 
they are in a perfect anatomic position to 
appreciate overdistention or underdistention of 
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the arteriolar wall. There is evidence suggest- 
ing that these cells do react to changes in stretch. 
If a Goldblatt clip is placed on one renal artery, 
the juxtaglomerular granules practically double 
in the clipped kidney and virtually disappear in 
the contralateral untouched kidney.! If this 
untouched kidney is then clipped, the granules 
reappear in it.! If the clipped kidney is re- 
moved, thereby removing the hypertension, the 
granules reappear in normal abundance in the 
untouched kidney.! In various forms of experi- 
mental hypertension, whenever a kidney is ex- 
posed to elevated arterial pressure levels the 
number of juxtaglomerular granules in it be- 
come markedly reduced.! 

Moreover, adrenalectomy increases the num- 
ber of juxtaglomerular granules present,!—* while 
desoxycorticosterone plus salt causes them to 
disappear.’**. When desoxycorticosterone is 
given in conjunction with a very low intake of 
sodium, the number of granules decreases only 
slightly.!_ Ifa clip is placed on one renal artery 
so. that the rat becomes severely hypertensive, 
the subsequent administration of desoxycorticos- 
terone and salt to that rat will not diminish the 
juxtaglomerular granularity of the clipped 
kidney.‘ 

If an isolated normal kidney is perfused at 
normal pressures for 3 hours, its juxtaglomerular 
granularity does not change. If the same type 
of kidney is perfused with high pressures (be- 
tween 167 and 192 mm. Hg) the juxtaglomerular 
granularity becomes distinctly lower.§ 

All the foregoing observations would fit the 
hypothesis that when the renal arterial bed was 
overdistended with either high pressure or in- 
creased volume, the juxtaglomerular granules 
were reduced in number. Whenever the 
arterial system of the kidney was underdistended 
because of lower pressure or diminished volume, 
the granules of the juxtaglomerular cells in- 
creased. 


SALT AND THE JUXTAGLOMERULAR APPARATUS 


For this seminar, the effect of salt itself is 
particularly pertinent. A diet very low in 
sodium causes a considerable increase in the 
juxtaglomerular granules.'* It sometimes 
causes a hyperplasia of the juxtaglomerular cells. 
Conversely, a diet with 7.4 per cent NaCl 
causes a significant decrease in juxtaglomerular 
granularity. These observations could readily 
fit in with our hypothesis. A low salt diet 
decreases blood volume slightly’? which probably 
means that the volume of blood in the afferent 
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arterioles is also decreased. This would under- 
distend the juxtaglomerular cells and they 
would become hypergranular. A high intake of 
sodium would increase blood volume and, 
therefore, probably increase the stretch of the 
juxtaglomerular cells and cause a degranulation. 
Since hypergranularity is associated with hyper- 
plasia, it seems likely that an increase in granu- 
larity represents hypersecretion of these cells 
and a diminished granularity represents a low 
rate of secretion. 


RENIN AND THE JUXTAGLOMERULAR APPARATUS 


The next thing to consider is the relationship 
between renin and the juxtaglomerular cells. 
The available evidence indicates that virtually 
all the renin in a kidney is confined to the 
juxtaglomerular apparatus, either the granular 
cells or the macula densa or both. In brief, the 
evidence rests on three points. First, the 
granularity of the juxtaglomerular cells and the 
amount of extractable renin in the kidney of a rat 
are strongly correlated in every chronic experi- 
mental situation.*:® The result of the salt-feed- 
ing experiment shows this most strikingly.® 
When juxtaglomerular granules have practically 
disappeared from a kidney, there is no extract- 
able renin in that kidney. When the juxta- 
glomerular granules are in extra abundance, ex- 
tractable renin is also present in excess amounts. 
Second, both Cook and Pickering!® and Bing™ 
have done independent microdissection studies 
on the renal cortex; both have come to the con- 
clusion that the renin is either in the granular 
juxtaglomerular cells or in the macula densa. 
Bing favors a location in the macula densa. 
Thirdly, Hartroft and Edelman made fluores- 
cent antibodies to renin and flooded them over a 
frozen section of kidney from a sodium-deficient 
rabbit. Most of the fluorescence was localized 
in the cytoplasm of the granular juxtaglomerular 
cells. Just as the juxtaglomerular granules 
can increase or decrease, the amount of extract- 
able renin can also rise or fall with different 
physiologic states. The renin-juxtaglomerular 
cell system should properly be considered as a 
single entity. Renin, as well as the juxtaglomer- 
ular cell, is influenced by changes in salt intake. 
Pitcock, Hartroft and Newmark® showed that a 
low intake of sodium increases extractable renin 
in rats. Me and Gross*!* have shown that 
a high intake of salt decreases the content of 
extractable renin. Both of these changes could 
be mediated through an increase or decrease in 
blood volume with consequent greater or lesser 
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degrees of stretching of the granular juxta- 
glomerular cells. 


JUXTAGLOMERULAR CELLS, Sop1uM EXCRETION 
AND BLoop PREssURE CONTROL 


Assuming that the juxtaglomerular cells do 
act as stretch receptors, what role might they 
play in the control of sodium excretion and in 
the regulation of blood pressure? One fairly well 
documented relationship has to do with the fact 
that either renin or angiotensin can stimulate 
the adrenal cortex to secrete aldosterone.*—!® 
Moreover, an acute hemorrhage will stimulate 
an increased secretion of aldosterone in a hypo- 
physectomized dog. But, if the kidneys have 
been removed from such a dog, the same quan- 
tity of blood lost will not cause an increased pro- 
duction of aldosterone.'’'* is obvious that 
some renal element is necessary for this signal. 
Renin and angiotensin both stimulate the ad- 
renal; therefore, it may be that the juxta- 
glomerular cells are an integral part of the sig- 
naling system. If the juxtaglomerular appara- 
tus could increase its output of renin in response 
to a low salt diet, this would stimulate an in- 
crease in aldosterone secretion which would pro- 
mote reabsorption of sodium from the lumen of 
the distal convoluted tubule. 

The juxtaglomerular cell might also receive 
the initial stimulus in certain types of renal 
hypertension. When the main renal artery is 
narrowed, there is a drop in pressure down- 
stream from the constriction, although the renal 
blood flow does not necessarily become lower. 
The whole renal arterial tree is underdistended. 
This would decrease the stretch of the juxta- 
glomerular cells which are the only really 
specialized cells in any of the renal arterial walls. 
Similarly, encapsulation of the kidney com- 
presses the renal parenchyma as a whole while 
compressing the afferent arteriole from outside. 
This would also decrease the stretch of the 
juxtaglomerular cells. With either type of 
stimulus, a decreased stretch of the juxta- 
glomerular cells would result. ‘This would cause 
a hypersecretion which might inhibit the normal 
antihypertensive mechanism in the kidney. 
Such an inhibition would bring on hypertension. 


SUMMARY 


The mammalian kidney nermally adjusts 
very accurately the amount of sodium and 
extracellular fluid in the body. The regulation 
is probably accomplished through the use of 


volume receptors. The juxtaglomerular ap- 


paratus probably acts as such a volume re- 
ceptor, changing its rate of secretion inversely 
with changes in the degree of distention of the 
afferent glomerular arterioles. Most of the 
renin in a kidney is confined to the juxta- 
glomerular apparatus. The physiologic func- 
tions of renin are also the physiologic functions 
of the juxtaglomerular apparatus; they should 
always be considered together. The juxta- 
glomerular apparatus seems to have an im- 
portant influence on the regulation of body 
sodium. It may also be the site where the 
initial stimulus is registered in the hypertension 
caused by a narrowing of the renal artery as 
well as the hypertension caused by encapsula- 
tion of the kidney. 
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Effect of Sodium Chloride on the Thyroid 
Gland and on Iodide Metabolism’ 


HENRI ISLER, PH.D. 


Montreal, Canada 


OLONGED ADMINISTRATION of sodium chlo- 
Price may affect considerably the function 
as well as the morphology of the thyroid gland.!” 
An increase in the size of the gland may even 
occur if the animals are fed a diet with a criti- 
cal or a low iodine content. Such a diet alone 
may, of course, induce a goiter (Fig. 1). This 
is the well-known iodine deficiency goiter which 
is well developed in the mouse after 2 months 
on the low iodine diet. When sodium chloride 
is added to the same diet, the mice have larger 
goiters (Fig. 1.). The extent of this effect de- 
pends on the level of salt in the diet and also 
on the level of iodine. In an experiment in 
which various levels of sodium chloride and 
iodine were used, it was found that at some 
levels of iodine concentration sodium chloride 
had no effect on the weight of the thyroid gland 
but did produce a stimulation of the gland which 
was readily recognizable histologically (Fig. 
2). The amount of colloid was decreased and 
the cells were hypertrophied. The stimulation 
increased with the level of NaCl and was in- 
versely related to the level of iodine in the diet. 
Adding 3 per cent sodium chloride to the diet 
led to approximately the same thyroid condition 
as lowering the iodine to NaCl level in the ratio 
3:1 (Fig. 2). 


MECHANISM OF SALT-INDUCED GOITER 


Increased Urinary Excretion of Chloride: The 
mechanism by which thyroid stimulation and 
goiter are brought about by sodium chloride 
has been investigated in detail.2 In two groups 
of mice fed the low iodine diet for a period of 2 
months with or without added sodium chloride, 
salt about doubled the amount of iodide excreted 
into the urine (Fig. 3). This steady loss of 
iodide must have reduced the amount of iodine 
available to the thyroid gland because 2 months 


after the start of the experiment the iodine con- 
tent of the thyroids in the animals ingesting 
salt was only a quarter of that of mice not 
eating sodium chloride (Fig. 4). It is probable 
that under these conditions the rate of secretion 
of thyroid hormone and the hormone level in 
blood were low. This probability was reflected 
by the small amount of thyroid hormone excreted 
in the feces, as measured by fecal iodine which is 
known to consist essentially of organic iodine’ 
(Fig. 5). 

The effect of sodium chloride on the metabo- 
lism of iodine could be demonstrated in a more 
dramatic fashion with the help of radioiodine.” 


\ mg. per thyroid lobe 


Control 


lodine deficiency 
+ Sodium Chloride 


lodine deficiency 


Fic. 1. Effect of dietary sodium chloride on the weight 
of the thyroid gland in mice fed a low iodine diet for a 
period of 2 months. While the low iodine diet with 
no salt added produced a four-fold increase, the same 
diet to which 1 per cent sodium chloride was added 
induced a twelve-fold increase over the weight of the 
thyroid observed in control mice with an adequate 
intake of iodine. 


* From the Department of Biology, University of Montreal and Department of Anatomy, McGill University, 


Montreal, Canada. 
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Fic. 2. Typical thyroid glands from mice with graded intakes of sodium chloride, as indi- 
cated on the bottom row (daily intake), and with graded intake of iodine as indicated in the 
left margin (daily intake). Thyroid stimulation increased as the sodium chloride intake rose 


and the iodine intake diminished. 


Mice were injected with radioiodine and re- 
ceived an intragastric injection of 30 mg. sodium 
chloride immediately after. Three hours later 
they. had excreted a considerable amount of 
radioiodine in their urine. In fact, the io- 
dide losses were ten to twenty times larger 
than those in the animals not receiving salt 
(Fig. 6). Incidentally, the radioiodine content 
of the thyroid was not changed (Fig. 6). This 
indicates that whatever effect is produced by 
sodium chloride on the thyroid, this effect occurs 
after the initial increase in urinary excretion. 
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Reduced Iodide Content of Thyroid Gland: That 
the enormous -urinary losses of iodide were ac- 
tually depriving the thyroid of a large share of 
its normal iodide was apparent in animals sacri- 
ficed at longer time intervals. After 24 hours 
the radioiodine content of the thyroid was only 
a half that found in mice not receiving salt (Fig. 
7). The level of radioiodine in the blood was 
also low (Fig. 7). The changes in urinary and 
blood radioiodide content could also be pro- 
duced in thyroidectomized rats but not in 
nephrectomized mice (Table 1). This is taken 
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EXCRETED IN URINE PER DAY 
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Fic. 3. Daily urinary iodide excretion in mice fed a 
low iodine diet for 63 days with either 1 per cent or 
no sodium chloride added to the diet. Salt induced a 
loss of iodide into the urine. From: Isler, H., Leblond, 
C, P. and Axelrod, A. A. Endocrinology, 62: 158, 1958. 


yg. Iodine in thyroid 


Ol 


Controls Sodium Chloride 


Fic. 4. Final iodine content in the thyroid gland of 
mice fed a low iodine diet for 63 days with either 1 per 
cent or no sodium chloride added to the diet. High 
intake of sodium chloride resulted in a low iodine con- 
tent of the thyroid. 


as further evidence that the urinary losses of 
iodide are the cause of the changes in iodide 
concentration in the blood and thyroid gland. 
The large urinary excretion of iodide was 
due to a high clearance rate of this ion by the 
kidney. In fact, the blood clearance, as 
measured between the first and third hour follow- 
ing administration of 30 mg. sodium chloride, 
was increased from 0.007 to 0.152 ml. per 
minute, a factor of over twenty times (Fig. 8). 


EXCRETED IN FECES PER DAY 


300 


42 63 DAYS 


Fic. 5. Daily fecal excretion of iodine in mice fed a 
low iodine diet for 63 days with either 1 per cent or no 
sodium chloride added tothe diet. Miceona high salt in- 
take excreted less fecaliodine. From: Isler, H., Leblond, 
C. P. and Axelrod, A. A. Endocrinology, 62: 158, 1958. 
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hours after simultaneous injection of radioiodine (sub- 
cutaneous) and 30 mg. sodium chloride (intragastric). 
Salt considerably increased the urinary losses of radio- 
iodine. 


Change in Iodide Distribution: Thus, sodium chlo- 


. ride induced a change in the final distribution of 


iodide in the body. This ion is continuously 
displaced from one part of the body to another, 
but ultimately its fate is either to be eliminated 
in the urine or enter the thyroid gland to be 
incorporated into organic molecules. Under 
normal conditions, about 60 per cent of the total 
amount of iodide administered was eliminated 
in the urine and 40 per cent was organified in 
the thyroid gland. Injection of 30 mg. so- 
dium chloride drastically changed this distri- 
bution since only 4 per cent reached the thyroid 
while 96 per cent was lost in the urine (Fig. 
9). When the thyroid pump was more efficient, 
as in mice fed a low iodine diet, the thyroid 
gland of control mice took up 81 per cent, leav- 
ing only 19 per cent to the urine. An injec- 
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Fic. 7. Effect of sodium chloride on the urinary excre- 
tion, blood level and thyroid uptake of radioiodine as 
measured 3 and 24 hours following simultaneous injec- 
tion of radioiodine (subcutaneous) and 30 mg. sodium 
chloride (intragastric). The vertical scale indicates 
the per cent of injected radioiodine. Administration of 
salt first caused heavy urinary losses (at 3 hours) and 
later (at 24 hours) resulted in a low blood level and 
thyroid content of radioiodine. 


TABLE I 
Effect of Sodium Chloride on Radioiodine Metabolism 
in Thyroidectomized and Nephrectomized Mice as 
Measured 2.5 Hours after Intragastric Injection of 
30 mg. Sodium Chloride 


Radioiodine* 
Sodium 
Mice Chlo- Bicod 
ride | Thyroid| 7.1) | Urine 
(mg.) ( 
Control 0 10.6 4.3 0.5 
30 10.5 1.9 11.8 
Nephrecto- 0 10.8 2 
mized 30 11.4 5.3 
(Trachea) 
Thyroidec- 0 0.13 10.4 1.1 
tomized 30 0.07 7.3 11.1 
Note: Underlined values are significantly different 


from those of animals not receiving sodium chloride. 

* Expressed in per cent of injected dose. 

From: Isler, H., Leblond, C. P. and Axelrod, A. A. 
Endocrinology, 62: 159, 1958. 


tion of sodium chloride to these animals re- 
versed the distribution and induced a 74 per 
cent loss in the urine, allowing only 26 per cent 
to be taken up by the thyroid gland (Fig. 9). 


Errect oF OTHER IONS AND HORMONES 


Effect of Various Salts: An_ investigation 
was also carried out to determine whether 
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Fic. 8. Effect of a single intragastric injection of sodium 
chloride on the blood radioiodine clearance by the kidney 
as measured between the first and third hour following 
administration of 30 mg. salt. The clearance underwent 
a twenty-fold increase. 
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Fic. 9. Distribution of radioiodine between the thyroid 
gland and the urine in mice with an adequate and a low 
iodine intake. In both cases, a single intragastric injec- 
tion of 30 mg. sodium chloride considerably reduced the 
amount of radioiodine in the thyroid gland. 


the effect of sodium chloride on iodide metabo- 
lism was due to the presence of sodium ions, chlo- 
ride ions or both, and whether other ions or salts 
could also affect the excretion of iodide. When 
various salts were introduced into the 
stomach of mice previously injected with radio- 
iodine, it was found that either sodium or chlo- 
ride ions alone could produce the effect, as well 
as other halides or alkalies (Table 1). How- 
ever, not all salts were effective; those such as 
lithium, ammonium, calcium, carbonate and 
acetate ions which were poorly ionized or likely 
to be precipitated into insoluble compounds in 
the body fluid were not; uncharged molecules 
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TABLE II 


Acute Effect of 0.517 mEq. of Various Salts on the 
Urinary Excretion and Thyroid Uptake of Radioiodine 


in Mice 
Radioiodine* 
Treatment 
— Urine Thyroid 
(Mean + S.E.) | (Mean + S.E.) 

Control 8 3:72 1.2 23.1+2.8 
Lithium carbonate 7 5.52 1.6 7.9+4.5 

(LizCO2) 
Control 8 9.94 2.3 12.7+1.6 
Lithium acetate 7 13.72 5.5 9.1+1.0 
Control 6 4.7+ 1 26.8 + :.1 
Sodium bicarbonate 7 37.22 4.6 23.42+2.9 

(NaHCOs) 
Disodi hosphat 

7 | 33.64% 4.9 | 19.741.2 
Sodium chloride 7 53.82 3.6 17.1+41.4 
Control 8 3.2+ 0.9 23.4+1.7 
Potassium bicarbonate 3 30.9+15.2 10.8+2.6 

(KHCO:) 
Sodium chloride 8 56.24 2.8 13.5+41.2 
Control 8 12.724 3.1 11.8+0.7 
Rubidium carbonate 8 38.9+ 2.6 11.0+2.0 

(Rb:COs) 

| 

Sodium chloride 8 47.862 3.8 | 10.421.2 
Control 8 9.92 2.3 12.7 + 1.6 
Ammonium carbonate 3 16.0+ 5.0 13.1+4.2 

(NH;):CO? 
Sodium chloride 7 50.22 5.3 2.3 
Control 8 3.2+ 0.9 23.4+1.7 
Calcium acetate 7 i. i+ 0.3 9.7+1.5 
Acetic acid 8 0.42 0.1 7.5321.5 
Control 8 3.1+ 0.6 10.4+3.6 
Lithium fluoride 7 6.94 2.4 11.4+5.3 
Lithium chloride 7 14.12 2.5 12.34 4.4 
Lithium bromide 8 17.32 2.4 11.0+ 4.6 
Lithium iodide 8 38.52 5.0 0.14+0.04 
Sodium chloride 8 55.6 + 2.8 tod Soom 
Glucose 8 3.42 1.0 8.5+2.3 
Water (0.1 ml.) 8 3.12 0.7 15.3+2.7 
Water (1.5 ml.) 8 1.0 


Nore: The underlined values are significantly different from the 
respective control subjects. 

* Expressed as per cent of injected dose. 

From: Isler, H. Endocrinology, 64: 769, 1959. 


such as glucose and water were not either (Table 
11). Only those substances which are likely to 
cause the ionic concentration of blood to rise 
enhanced the excretion of radioiodide. 

Adrenal and Pituitary Hormones: The urinary 
excretion of iodide was influenced very little 
by the hormones of the adrenal glands such as 
cortisone, desoxycorticosterone, aldosterone, 
epinephrine and norepinephrine, or by hor- 
mones of the anterior pituitary. However, 
excretion of iodide was strongly enhanced by 
the hormones of the posterior pituitary: vaso- 


Isler 
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% INJECTED RADIOIODINE UNIT 
IN URINE VASOPRESSIN 
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EXTRACT 


YA. WY 


Fic. 10. Effect of anterior and posterior pituitary on 
the urinary excretion of radioiodine as measured 2.5 
hours after subcutaneous injection of pituitary prepara- 


CONTROL 


tions. Vasopressin strongly enhanced iodide losses in 
the urine. 
A 
MINUTE 
lOr 
YY 
CONTROL VASOPRESSIN 
| USP UNIT 
Fic. 11. Effect of vasopressin on blood radioiodine 


clearance by the kidney as measured between the first 
and third hour following injection of 1 U.S.P.-unit of 
hormone. 


pressin and oxytocin‘ (Fig. 10). The amount 
of radioiodine excreted varied linearly with the 
logarithm of the dose of hormone. Like 
sodium chloride, vasopressin enhanced the 
blood clearance of the iodide ion (Fig. 11). 
Experiments by Leveque® had shown that 
sodium chloride induces a release of the vaso- 
pressin-containing neurosecretory material in 
the hypothalamus; therefore there was a pos- 
sibility that the effect of sodium chloride on 
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, i perfusion fluid cleared per 30 minutes 


SODIUM CHLORIDE 


120 150 MINUTES 
Fic. 12. Effect of sodium chloride on the radioiodine 
clearance by the isolated rabbit kidney. The clearance 
was enhanced by salt. 


[SODIUM CHLORIDE | | SODIUM CHLORIDE | 


SODIUM CHLORIDE SODIUM CHLORIDE 


Fic. 13. Three hypotheses accounting for the high 
urinary excrétion of radioiodine observed after sodium 


chloride administration. The second possibility was 
excluded by the observation that the high excretion 
occurs also in the isolated kidney. 


iodide excretion was mediated by posterior 
pituitary hormones. That is, sodium chloride 
might cause the release of vasopressin into the 
circulation, which in turn would enhance 
clearance of iodide from the blood by the 
kidney. 

This hypothesis was investigated in the iso- 
lated kidney. Isolated kidneys of rabbits were 
perfused with radioiodine-containing fluids with 
or without added sodium chloride. This salt 
did actually increase the iodide clearance of the 
isolated kidney (Fig. 12). This indicates that, 
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although an effect through the posterior pitui- 
tary hormones is not excluded, sodium chloride 
has a direct effect of its own on the kidney, 
sufficient to account for the large excretion of 
iodide observed in our mice (Fig. 13). 


CONCLUSIONS 


Sodium chloride modifies the clearance of 
iodide from the blood by the kidney, thus causing 
enormous losses of this ion into the urine. These 
losses restrict the uptake of iodine by the thy- 
roid gland and consequently diminish the rate 
of synthesis and of secretion of thyroid hormone. 
The pituitary gland responds to the low level 
of this hormone in the blood by releasing thy- 
rotropic hormone which in turn stimulates the 
thyroid gland. Under condition of critical 
iodine intake the urinary losses induce a condi- 
tion of iodine deficiency which results in a persist- 
ing stimulation of the thyroid and, eventually, 
in goiter. 
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Activity of Thyroid Gland during 
Development of Renal Hypertension 
in Rats” 


MELviIn J. FREGLY, PH.D. and JozE V. GONZALEZ, M.D. 


Gainesville, Florida 


TUDIES CONDUCTED in this laboratory and 
S elsewhere during. the past few years have 
implicated the thyroid gland as a possible 
etiologic factor in the development of experi- 
mental hypertension. ‘Treatments that prevent 
or greatly reduce the activity of the thyroid 
gland also prevent the development of both 
renal and NaCl-induced hypertension.!~* The 
present studies were conducted to determine 
the functional status of the thyroid gland during 
development of renal hypertension. The results 
suggest that the thyroid gland plays an im- 
portant secondary role in development of renal 
hypertension in the rat. 


METHODS 


Forty-nine male Holtzman rats were used. 
Thirty-nine had both kidneys encapsulated with latex 
envelopes,‘ the remaining rats served as nonencap- 
sulated control subjects. The rats were kept two or 
three per cage in a thermoregulated room main- 
tained at 26+1°c. and illuminated from 8 a.m. 
to6 p.m. All rats were given ground Purina labora- 
tory chow to eat and tap water to drink. Food 
containers were of the type described earlier;® 
fluid containers were similar to those described by 
Lazarow.® Blood pressures of the rats were measured 
by the microphonic manometer technic’ but without 
anesthesia. Oxygen consumption was measured by 
the open circuit technic of Adolph* with the sur- 
rounding water bath maintained at a temperature of 
27+0.5°e. 

Rats were killed at 1, 2, 3, 4, 6, 11, 16 and 33 
weeks after encapsulation of kidneys. Generally, 
five kidney-encapsulated and two control rats were 
killed at a time. The exceptions to this statement 
are that control rats were not killed during weeks 
1,3 and 16. Blood pressure, body weight and total 


body oxygen consumption of each rat were meas- 
ured prior to sacrifice. In addition, each rat was 
injected intraperitoneally with 2 yc. of carrier-free 
radioactive iodide (NalI*!) 48 hours prior to death. 
Upon injection of radioactive iodide, each rat was 
placed in a metabolism cage for collection of urine 
under light mineral oil. Exactly 24 hours after 
injection, urine was collected, volume. measured 
and a 1 ml. aliquot removed and radioactivity 
counted using a well-type scintillation detector. 
The radioactivity was corrected for physical decay 
of the isotope. ‘Thus, total urinary output of radio- 
active iodide could be determined during this 
period. 

Forty-eight hours after injection of radioactive 
iodide all rats were killed by guillotine decapitation. 
Blood was collected in chemically clean beakers for 
analysis of serum precipitatable I*. For this purpose, 
1 ml. of serum was added to 3 ml. of 10 per cent 
trichloroacetic acid and the filtrate washed twice 
with 3 ml. of trichloroacetic acid. The precipitate 
was dried and counted using a well-type scintilla- 
tion detector. The radioactivity of an equal volume 
of serum was also counted. ‘These activities were 
corrected for physical decay of the isotope. From 
these values the precipitate to serum activity (con- 
version) ratio was calculated for each rat. This 
ratio is used as a quantitative method for assessing 
level of circulating thyroid hormone.® 

At sacrifice, the thyroid gland and heart- of each 
rat were removed and weighed on a torsion balance. 
The thyroid gland was fixed in formalin and 
prepared for histologic examination by staining 
with hematoxylin and eosin. Thyroid acinar cell 
heights were counted from sections of each thyroid 
gland using a microscope (high, dry) with cali- 
brated eyepiece. Sixty counts on at least five sepa- 
rate thyroid sections were made. The mean of 
these counts was considered to be the mean thyroid 
acinar cell height for that rat. 


* From the Department of Physiology, University of Florida, College of Medicine, Gainesville, Florida. Supported 
by a grant from the American Heart Association and by Grant H-3503 from the National Heart Institute, National 


Institutes of Health, Bethesda, Maryland. 
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Fic. 1. A, systolic blood pressure of kidney-encapsulated rats during the course of the 
experiment. -t1 standard error is set off at each mean. Numbers in parentheses repre- 


sent number of rats. 


Horizontal line represents mean and standard error of nonencap- 


sulated control rats. B, heart weight to body weight ratio; C, thyroid weight to body 
weight ratio; and D, oxygen consumption during the course of the experiment. 


RESULTS 

Some results of this experiment are shown in 
Figure 1, The rise of systolic blood pressure 
with time is shown in Part A. Mean systolic 
blood pressure of the ten control, nonencap- 
sulated rats is shown as the horizontal line at 
the bottom of the figure. Blood pressures 
became elevated within 2 weeks but reached 
maximal levels at 6 weeks after kidney encap- 
sulation. This high level was maintained 
throughout the remainder of the experiment. 
In Part B the ratio of heart weight to body 
weight (mg. per 100 gm.) is shown. Heart 
weight ratio increased significantly within 2 
weeks after kidney encapsulation. This ratio 
became maximal at 6 weeks but dropped to near- 
normal levels at 33 weeks. In Part C the ratio 
of thyroid weight to body weight (mg. per 100 
gm.) is shown. By error, thyroid glands of the 
rats killed during the first week after kidney 
encapsulation were not weighed. A rise in 
thyroid weight ratio is observable during the 
fourth week after kidney encapsulation and is 
significantly different from control levels dur- 
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ing the eleventh week. Thyroid weight ratio 
remained significantly elevated thereafter. In 
Part D oxygen consumption (cc. per minute 
per kg.) isshown. A slight elevation in oxygen 
consumption occurred during the first experi- 
mental week, followed by a decrease below 
control levels during the second. Oxygen 
consumption levels higher than control were 
observed during weeks 3, 4 and 16. During 
week 6, oxygen consumption level had re- 
turned within the control range. 

Serum Conversion Ratio and I'* Excretion: 
In Figure 2, Part A, mean thyroid acinar ceil 
height is shown. A significant increase in cell 
height was observed only during week 6. 
Mean values for other weeks were within the 
range of control rats. In Part B the serum 
precipitable I'*! (per cent of injected dose) is 
shown. Values for experimental rats were 
higher than control values initially but returned 
to control level gradually. By the sixteenth 
week the value was identical with that of con- 
trol rats. The conversion ratio (Part C) gave a 
triphasic response in which the values during 
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Fic. 2. A, mean thyroid acinar cell height of kidney encapsulated rats during course of the experi- 


ment. 


+1 standard error is set off at each mean. B, serum precipitable I"; C, precipitate/serum 


I'3! ratio; and D, urinary I'*! output in first 24 hours after injection are shown during course of experi- 


ment. 


weeks 2 and 4 were lower than that of controls. 
During weeks 11 and 16, values rose to levels 
higher than control. Part D indicates that the 
control rats excreted on the average 60 per cent 
of the injected dose of I'*' in urine within 24 
hours after injection. Hypertensive rats usually 
excreted slightly less than this amount. 

Heart Weight and Thyroid Weight Ratios: 
Figure 3, Part A, shows that without regard to 
time kidneys were encapsulated the relation- 
ship between heart weight ratio and systolic 
blood pressure is approximately sigmoid. As 
blood pressure increases to levels of 150 to 159 
mm. Hg, heart weight ratio increases sharply. 
In Part B the relationship between thyroid 
weight ratio and systolic blood pressure is shown 
also without regard to time after kidneys were 
encapsulated. Thyroid weight remained rela- 
tively constant until blood pressure levels of 
150 to 159 mm. Hg were reached. At pressures 
exceeding this level, thyroid weight ratio rose 
linearly with rising blood pressure. Part C 


shows that the relationship between thyroid 
weight ratio and heart weight ratio at the same 
systolic blood pressures is exponential. Thyroid 
weight ratio is little influenced by increasing 
heart weight ratio until the latter exceeds 335 
mg. per 100 gm. body weight. Thyroid weight 
ratio then increases rapidly for small changes in 
heart weight ratio. Thus, it appears that as 
systolic blood pressure exceeds 149 mm. Hg, 
heart ratio increases sharply. However, thy- 
roid weight ratio remains constant until blood 
pressure level exceeds 159 mm. Hg and heart 
weight ratio exceeds 335 mg. per 100 gm. 
body weight. When these threshold values 
are reached, thyroid weight ratio increases. 
Whether thyroid weight ratio increases in re- 
sponse to rising systolic pressure as the primary 
factor or to increasing heart weight ratio as the 
primary factor cannot be stated with certainty. 
However, the likelihood is that the thyroid 
gland responds primarily to the increased systolic 
pressure. It is worth noting that the threshold 
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Fic. 3. A, heart weight to body weight ratio of all rats, 
kidney-encapsulated and control, plotted against arbi- 
trary ranges of systolic blood pressure without regard to 
time kidneys were encapsulated. Numbers in parentheses 
represent number of rats. B, thyroid weight to body 
weight ratio of all rats plotted against arbitrary ranges 
of systolic blood pressure as in (A). C, relationship be- 
tween heart weight ratio and thyroid weight ratio at the 
same systolic blood pressure levels. Figure is redrawn 
from the data in (A) and (B). 


blood pressure level for increasing both heart 
and thyroid weight ratio is the level usually 
considered borderline between normotension 
and hypertension. 

Serum I'*' Thyroid Weight and Blood Pressure: 
In Figure 4 is shown the results of a plot in 
which precipitate to serum I'*! ratio is con- 
sidered the independent variable and thyroid 
weight ratio (Part A) and systolic blood pressure 
(Part B) the dependent variables. The latter 
are given for each arbitrary range of precipitate 
to serum I'*! ratio. In Part A, a rise in precip- 
itate to serum I'*' ratio is accompanied by an 


NOVEMBER 1961 


RATIO 


THYROID WEIGHT /BODY WT. 


39 4-49 50°59 60-69 70-79 80:89 90-99 
PRECIPITATE /SERUM I'* RATIO (%) 


DOD PRESSURE tmm +g) 


YSTOLIC BLO 


10-19 20-29 30-39 40-49 50-59 60 69 70-79 80-89 90-99 
PRECIPITATE/SERUM I'3! RATIO (%) 


Fic. 4. Thyroid weight ratio (A) and systolic blood pres- 
sure (B) are plotted against arbitrary ranges of pre- 
cipitate/serum I"! ratio without regard to time kidneys 
were encapsulated. Numbers in parentheses represent 
number of rats. 


increase in thyroid to body weight ratio. For 
a 100 per cent increase in precipitate to serum 
I'3! ratio (from the range 40 to 49 to 90 to 99) 
a 30 per cent increase in thyroid weight ratio is 
observed. In Part B, an exponential rise in 
systolic pressure occurs as precipitate to serum 
I's! ratio increases. The threshold ratio appears 
to range between 60 to 69 and 70 to 79. For 
small increases in precipitate to serum I['* ratio 
beyond these levels, large increases in blood 
pressure occur. 

Figure 5A indicates that the mean thyroid 
acinar cell height increases when a threshold 
value of systolic blood pressure in the range of 
150 to 159 mm. Hgisreached. Similar thresh- 
old relationships exist between systolic blood 
pressure as the independent variable and either 
heart weight ratio (Fig. 3A) or thyroid weight 
ratio (Fig. 3B) as dependent variables. Oxygen 
consumption did not appear to bear a close 
relationship to systolic blood pressure and is not 
shown but it may be related to precipitate to 
serum [!*! ratio in the fashion shown in Figure 
5B. Again, a threshold-type response is sug- 
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Fic. 5. A, thyroid cell height is plotted against arbitrary 
ranges of systolic blood pressure without regard to time 
kidneys were encapsulated. Numbers in parentheses 
represent number of rats. Cell height bears a clear rela- 
tionship to systolic blood pressure. B, mean oxygen 
consumption graphed against mean precipitate to serum 
I'3! ratio. The points compare the simultaneous means 
of these two measurements for weeks 1, 2, 3, 4, 6 and 16. 


gested. This relationship is not entirely satis- 
factory because of the two points which lie to 
the left of the line. It is unfortunate that oxy- 
gen consumption was not measured on all 
rats in this experiment. This fact, coupled 
with the large variability associated with 
measurement of oxygen consumption in the rat, 
limits the usefulness of the relationship suggested 
in Figure 5B. 


CoMMENTS 


These experimental results suggest that the 
thyroid gland may play an important secondary 
role in the development of renal hypertension in 
the rat. Thyroid activity, as assessed by thyroid 
weight to body weight ratio, precipitate to 
serum [1*! ratio, and mean thyroid acinar cell 


height, increases sharply as systolic blood pres- 
sure level approaches 150 to 160 mm. Hg. 
Heart weight to body weight ratio increases in a 
sigmoid fashion with increasing blood pressure 
and exponentially with increasing thyroid 
weight ratio. One may visualize that a mech- 
anism(s) independent of the activity of the 
thyroid gland increases blood pressure to 
levels of 150 to 160 mm. Hg. At this pressure 
level, thyroid gland activity increases and 
further elevates blood pressure to levels of 180 
mm. Hg or more. Thus, kidney-encapsulated 
rats whose thyroid glands were removed just 
prior to encapsulation of the kidney showed rises 
in systolic blood pressure from initial levels of 
approximately 130 mm. Hg to levels of ap- 
proximately 155 mm. Hg during the course of 
an experiment described earlier.“ In this same 
experiment, blood pressures of kidney-encapsu- 
lated rats treated with the antithyroid drug, 
propylthiouracil, responded in the same fashion 
as the thyroidectomized rats while blood pres- 
sures of untreated, kidney-encapsulated control 
rats rose to levels of 180 mm. Hg. When anti- 
thyroid drugs were given to rats with established 
hypertension in another experiment," blood 
pressures generally fell to levels of approximately 
150 mm. Hg. These results support the idea 
that the effect of the thyroid gland on blood 
pressure is superimposed on another, more 
basic mechanism. 

While this experiment fails to suggest the 
primary mechanism involved in the elevation 
of blood pressure, it does suggest a hitherto 
unsuspected secondary role for the thyroid 
gland in the development and maintenance of 
renal hypertension in the rat. The mechanism 
by which the thyroid gland is called into play 


- Cannot involve excess loss of iodide in urine 


with subsequent lowering of plasma iodide 
concentration and increased secretion of thyroid 
stimulating hormone. It was observed experi- 
mentally that renal excretion of radioactive 
iodide by kidney-encapsulated rats was never 
greater than that of nonencapsulated control 
rats and was generally less {Fig. 2D). It is 
recognized, however, that fecal loss of iodide 
must be taken into consideration before one 
can estimate and compare total iodide losses of 
kidney-encapsulated with control rats. Hence, 
it remains to be tested whether increased loss of 
iodide from the intestine could serve as a 
mechanism stimulating thyroid activity. 

The mechanism by which increased thyroid 
activity maintains hypertension has not been 
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Fic. 6. A schema suggesting a secondary role for the 
thyroid gland in development of renal hypertension. 


elucidated by these experiments. A possibility 
exists that the increase in thyroid activity in- 
creases vascular reactivity to circulating pressor 
agents. Brewster et al.’ have observed that 
hyperthyroidism increases the sensitivity of the 
heart and blood vessels of dogs to infusions of 
catecholamines. The opposite reaction, i.e., 
decreased vascular reactivity to injected cate- 
cholamines in hypothyroidism, has been ob- 
served by McCubbin and Page™ for dogs and 
Smith" for isolated swine aortas. A possibility 
also exists that cardiac output may increase with 
increase in thyroid activity and needs to be 
evaluated. 

Until further evidence can be brought to 
bear, the schema shown in Figure 6 may be 
considered a tentative summary of the present 
experiments. Renal encapsulation elevates sys- 
tolic blood pressure from control levels near 130 
mm. Hg to levels near 160 mm. Hg by an 
unknown mechanism. At the latter pressure 
level, thyroid gland activity increases, as 
assessed by increases in thyroid cell height, 
thyroid weight ratio, precipitate to serum I"! 
ratio and oxygen consumption. These factors 
acting together elevate blood pressure to a 
level near 180 mm. Hg. The mechanism by 
which this secondary elevation of blood pressure 
occurs must await further detailed study. 


SUMMARY 


The thyroid gland plays an important sec- 
ondary role in the development of renal hyper- 
tension in the rat. Thyroid activity, as assessed 
by the ratio of thyroid weight to body weight, 
precipitate to serum I?*! ratio and mean thyroid 
acinar cell height, increases sharply as systolic 
blood pressure level approaches 150 to 160 mm. 
Hg, i.e., the range of pressure usually considered 
to represent the high range of normotension 
and the low range of hypertension. The ratio 
of heart weight to body weight increases in a 
sigmoid-like fashion with increasing blood 
pressure and in an exponential fashion with 
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increasing thyroid weight ratio. It is suggested 
that a mechanism(s) independent of thyroid 
gland activity increases blood pressure to levels 
of 150 to 160 mm. Hg. At this pressure level, 
thyroid gland activity increases and further 
elevates blood pressure to hypertensive levels. 
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Plasma Corticosterone Levels and Salt Intake 


in Experimental Hypertension in the Rat’ 


FLoyp R. SKELTON, M.D., PH.D.f and Paut M. Hype, PH.D. 


New Orleans, Louisiana 


RODUCTION OF experimental hypertension 
P in the rat under conditions of increased 
adrenal cortical secretory activity in response 
to nonspecific stress generally has met with 
only limited success.'~* On the other hand, 
daily subcutaneous injections of 5 mg. of corti- 
costerone to uninephrectomized female rats 
drinking a 1 per cent saline solution has in- 
duced severe and rapidly progressive hyper- 
tensive vascular disease. One milligram daily 
of the steroid has failed to cause these changes.*5 
In terms of the best estimate which can be made 
of the secretion of corticosterone under stress,®.’ 
both doses of the steroid are large; indeed, 
the larger dose is equivalent to administering 
3.5 gm. to a person weighing 70 kg. It seemed 
appropriate, therefore, to study the plasma 
corticosterone levels produced by the adminis- 
tration of sufficient amounts of this steroid to 
produce hypertensive disease and to compare 
these levels with those obtained in response to 
stress and ACTH. This became possible with 
the development of fluorometric methods by 
which small amounts of corticosterone could 
be rapidly and accurately determined.*—!° 
This paper is a report of our preliminary ob- 
servations in this area. 


METHODS AND RESULTS 


EXPERIMENTS 1 AND 2 


Methods: In the first experiment, groups of twenty- 
four female rats of the Holtzman strain were sub- 
mitted to stress by bilateral fracture of the tibia and 
fibula under ether anesthesia at four different times. 
Thirty, 60 and 120 minutes after stress, groups of 
eight rats were decapitated, blood was collected from 
the severed neck in heparinized beakers and plasma 
was obtained as rapidly as possible following centrif- 


ugation in thecold. For control purposes plasma was 
similarly obtained from 8 nonstressed rats after 12 
hours isolation in a dark, quiet environment. The 
corticosterone levels in plasma were determined by a 
modification of the fluorometric procedure of Zenker 
and Bernstein.* The validity of this procedure for the 
measurement of corticosterone was tested by analyz- 
ing aliquots of plasma pools from stressed rats by 
both the fluorometric method and by isotopic dilution 
technics" using corvicosterone-4-C."{ These studies 
showed that corticosterone accounted for 97 per cent 
of the values obtained by our modification of the 
Zenker and Bernstein fluorometric procedure when 
the nonspecific plasma fluorescence”: was sub- 
tracted from the fluorometer readings. 

The second experiment was performed to determine 
the levels of plasma corticosterone produced by 
ACTH stimulation of the adrenal cortex in hypo- 
physectomized rats. Two groups of sixty rats, hypo- 
physectomized 5 days previously, were injected sub- 
cutaneously with 1 I.U. and 8I.U. of ACTH (Acthar® 
gel), respectively. At 0.5, 1, 3, 6, 12 and 24 hours 
after injection, ten rats from each group were killed 
by decapitation and plasma obtained as before. 
Plasma was obtained similarly from two groups of ten 
untreated hypophysectomized rats, one group of 
animals having been killed at the start of the experi- 
ment and the other group 24 hours later. 

Results: The plasma corticosterone levels 
which occurred in response to stress (experi- 
ment 1) and to exogenous administration of 
ACTH (experiment 2) are depicted in Figures 
1 and 2, respectively. The maximum levels 
resulting from this stress were far greater than 
those obtained with the dosages of ACTH 
employed. It is worthy of note that the dif- 
ference in response to 1 I.U. and 8 I.U. 
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Fic. 1. Plasma levels of corticosterone following exposure 
of adult female rats to acute nonspecific stress (experi- 
ment 1). Each point is the mean of thirty-two values. 
The vertical bars represent two standard errors of the 
mean. 
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Fic. 2. Plasma levels of total fluorescent material and 
corticosterone in hypophysectomized adult female rats 
following subcutaneous injection of long-acting ACTH 
(experiment 2). The vertical bars represent two stand- 
ard errors of the mean. 


of ACTH is not so much in magnitude as in 
duration. Even with the higher dose, how- 
ever, plasma corticosterone levels returned to 
zero within 24 hours. 


EXPERIMENT 3 


Methods: In order to determine the dosage of 
corticosterone and frequency of administration to be 
used in subsequent experiments, plasma levels were 
determined in three groups of adrenalectomized rats 
following single subcutaneous doses of 1, 2.5 and 
5 mg. of corticosterone per 100 gm. body weight, 
administered as microcrystalline suspensions in dis- 
tilled water. At intervals of 1, 3, 6, 12, 24 and 48 
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Fic. 3. Plasma levels of total fluorescent material and 
corticosterone in adrenalectomized adult female rats 
following subcutaneous injection of various dosages of 
corticosterone as a microcrystalline suspension in water 
(experiment 3). The vertical bars represent two stand- 
ard errors of the mean. 


hours after injection, six rats from each group were 
decapitated and the plasma was collected as in ex- 
periment 1. Plasma was obtained similarly from six 
untreated, adrenalectomized rats and six nonstressed 
intact animals after 12 hours isolation in a dark, 
quiet environment. 


Results: Plasma corticosterone levels produced 
by the single subcutaneous injection of these 
doses of steroid are shown in Figure 3. The 
difference in response to the three dose levels 
seems to be one of duration rather than height 
of initial elevation of corticosterone in the 
plasma. These results led us to choose 2.5 mg. 
and 1.25 mg. per 100 gm. of body weight as 
the dosages of corticosterone to be used in 
experiments 4 and 5. 


EXPERIMENTS 4 AND 5 


Methods: In the fourth experiment, fifty female 
rats weighing 80 to 100 gm. were bilaterally adrenalec- 
tomized and uninephrectomized, given Purina labora- 
tory chow to eat and 1 per cent sodium chloride 
solution to drink ad libitum. ‘Two days postopera- 
tively approximately 0.8 ml. of blood was collected 
from the tail of ten rats and plasma obtained as 
before. The remaining forty rats received 2.5 mg. 
of corticosterone per 100 gm. body weight, and plasma 
from the tail was obtained in a similar fashion from 
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Fic. 4. Plasma levels of corticosterone in uninephrectomized, adrenalectomized female rats drinking 1 per 
cent sodium chloride solution ad libitum and injected with 2.5 mg. of corticosterone per 100 gm. body weight 
every 12 hours (experiment 4). Each point represents the average value for ten rats. The vertical bars repre- 


sent two standard errors of the mean. 


Fic. 5. The mean plasma corticosterone curves for experiments 4 and 5 show the fluctuations in plasma 


corticosterone for the 12 hour period following injection. 


Each point is the mean of thirty to forty values. 


The vertical bars represent two standard errors of the mean. 


each of ten rats at intervals of 1, 3, 6 and 12 hours. 
Throughout the remainder of the experiment this 
dosage of corticosterone was injected subcutaneously 
into all fifty animals every 12 hours. At 10, 20 and 
30 days blood from the tail was collected immediately 
before injection and at 1, 3, 6 and 12 hours after 
injection for determination of corticosterone content 
of plasma. Blood pressure was measured by the 
method of Friedman and Freed™ with the rats under 
light ether anesthesia. 

The fifth experiment was performed in the manner 
of experiment 4, except for the dosage of corticosterone 
which was reduced to 1.25 mg. per 100 gm. body 
weight every 12 hours. 


Results: Contrary to expectations there was 
little or no cumulative effect of either dose of 
corticosterone on the plasma levels attained. 
This is shown in Figure 4, depicting plasma 
corticosterone concentrations as determined 
at the designated intervals during the 12 hour 
period after injection of 2.5 mg. of corticos- 
terone per 100 gm. body weight at 0, 10, 20 
and 30 days of the experiment. From these 
data from experiment 4 and similar results ob- 
tained in experiment 5, a mean response curve 
was determined for each dose of corticosterone 
(Fig. 5). These curves may be considered to 
represent the mean 12 hour fluctuations in 
plasma corticosterone which occurred through- 
out each experiment. Other than the first 
hour after injection there was no difference 


between the curves despite the different doses 
of steroid. 

The mean plasma corticosterone level for 
each 12 hour period was determined from the 
response curve obtained at 0, 10, 20 and 30 
days in both experiments. These values are 
shown in the upper part of Figure 6. A 
laboratory accident invalidated the data for the 
10 day period of experiment 5; hence, no value 
is shown. From these data the over-all mean 
plasma corticosterone level was determined to be 
46 + 1.6 (S.E.) wg. per 100 ml. in the rats 
receiving 2.5 mg. of corticosterone per 100 gm. 
body weight, and 48.2 + 2.9 (S.E.) ug. per 100 
ml. in those injected with 1.25 mg. of corti- 
costerone per 100 gm. body weight. The 
difference is not significant. Despite this fact, 
a slight but significant difference exists between 
the mean blood pressure levels of the rats in 
the two experiments, as shown in the lower 
part of Figure 6. 


COMMENTS 


In the induction of hypertensive vascular 
disease by adrenal steroids, administration has 
been either by subcutaneous implantation of 
pellets or by injection of a microcrystalline 
suspension. Almost uniformly a smaller amount 
of steroid has been required to produce hyper- 
tensive disease with the pellets than with the 
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Fic. 6. Upper part of figure depicts the mean 12 hour 
plasma corticosterone levels as determined at intervals 
during each experiment. Lower part of figure shows 
the mean blood pressure levels of the rats throughout 
each experiment. The vertical bars represent two stand- 
ard errors of the mean. 


administration of a microcrystalline suspension, 
when all other experimental conditions were 
identical. Despite these extensive studies, data 
on the blood level of any of the corticoids used 
to produce hypertensive disease have not 
appeared. Two recent events combined to 
make possible the studies now reported in 
preliminary form. One was the development 
of a sensitive fluorometric procedure for the 
measurement of corticosterone*®.!° and the other 
was the report‘ that this steroid, the principal 
secretory product of the adrenal cortex of the 
rat, could induce hypertensive disease when 
given in sufficient quantity. The large amount 
of corticosterone seemingly required for the 
production of hypertension suggested that 
either very high blood levels were necessary or 
that much of the administered steroid remained 
unabsorbed. The observation that certain 
nonspecific stresses induced high plasma corti- 
costerone levels while stress, generally, has been 
unsuccessful in causing equivalent hypertensive 
disease* seemed to favor the first possibility. 
On the other hand, the presence at necropsy of 
obviously unabsorbed corticosterone beneath 
the skin of hypertensive animals clearly favored 
the second possibility. 

The foregoing findings reveal that the dosage 
of corticosterone employed in these experi- 
ments did not induce excessively high levels of 


NOVEMBER 1961 


the hormone in plasma. Indeed, the mean 
maximum postinjection level (92.6 + 5.8 ug. 
per 100 ml. plasma) which occurred at 1 hour, 
was not significantly higher than that produced 
by a severe nonspecific stress (84.0 + 2.3 
ug. per 100 ml. plasma) and the calculated 
mean plasma level for all rats in both experi- 
ments was well below this. Thus, these ob- 
servations have established that hypertensive 
disease can be induced by plasma levels of this 
naturally-occurring steroid which are well 
within the physiologic range. Also, they show 
that the injection of 8 I.U. of long acting 
ACTH produced over a 12 hour period a mean 
plasma corticosterone level of 39.8 + 3.3 ug. 
per 100 ml., which is not far below the mean 
levels in the hypertensive animals of experiments 
4 and 5. In contrast, the injection of 1 I.U. 
of ACTH gel produced a significantly lower 
(p < 0.01) mean plasma corticosterone level 
(25.8 + 4 wg. per 100 ml.). Perhaps these 
findings account for the occurrence of moder- 
ately severe hypertensive disease following the 
daily administration of 10 I.U. of ACTH gel" 
and the failure of lower doses to induce such 
changes.'® Quantitative measurement of plasma 
corticosterone levels during the development 
of ACTH-induced hypertensive disease forms a 
part of our studies in this area. 

A reciprocal or complementary relationship 
between the regenerating adrenal cortex and 
sodium chloride intake in the genesis of hyper- 
tension has been shown by Oelsner and Skel- 
ton.’6 A similar relationship has been shown 
for desoxycorticosterone acetate’ and adrenal 
cortical extract.'*!® It had been hoped that 
the dosage differential in the present experi- 
ments might have shown a similar relationship 
between the actual plasma level of corticoster- 
one and the intake of sodium chloride. How- 
ever, despite the different doses of corticosterone 
in the last two experiments, the plasma levels 
of this steroid were identical. Hence, the 
difference in blood pressure observed in these 
experiments is probably due to differences in 
sodium chloride consumption since free access to 
saline drinking solution was allowed. Recent 
experiments support this assumption, for when 
mean plasma level of corticosterone is kept 
constant the blood pressure rise varies directly 
with the intake of sodium chloride. 


SUMMARY 


Plasma corticosterone levels were determined 
in uninephrectomized, adrenalectomized rats 
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during development of corticosterone-induced 
hypertensive vascular disease. The mean maxi- 
mum plasma corticosterone concentration (92.6 
ug. per 100 ml.) occurred 1 hour after subcu- 
taneous injection of the steroid. This level 
was not significantly different from that ob- 
served (84 wg. per 100 ml.) in normal rats 1 
hour after exposure to nonspecific stress. The 
mean plasma levels of corticosterone in hyper- 
tensive rats receiving 2.5 mg. and 1.25 mg. per 
100 gm. body weight were 46 and 48.2 ug. 
per 100 ml., respectively. These values are well 
within the physiologic range attained during 
response to stress and only slightly higher 
than the mean 12 hour levels produced by 
8 I.U. of long-acting ACTH. The significant 
difference observed between the blood pressures 
of animals receiving 2.5 mg. and 1.25 mg. of 
corticosterone twice daily is presumed to be due 
to difference in salt consumption. 
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Experimental Hypercholesterolemia from 


Chronic Excess Salt Feeding” 


Lewis K. DanL, M.D. 


Upton, New York 


HE PATHOGENESIS OF both hypertension and 
remains unsettled; there- 
fore, it is not surprising that the interrelation- 
ship of the two diseases is obscure. Most 
observers would probably agree that the 
diseases share no common etiology but that 
hypertension both hastens the onset of athero- 
sclerosis and speeds its progress.! 

My interest in salt intake in the etiology of 
human essential hypertension has been sum- 
marized in another paper in this seminar.? 
As part of the program to explore the relation- 
ship between dietary salt and hypertension, 
we have been studying the effects of chronic 
excess salt feeding in man and several species of 
animal for some years. Recent observations on 
rats.and dogs indicate that such a feeding 
regimen is capable of elevating plasma lipids 
to a significant degree. I am aware of no 
evidence which suggests that this mechanism 
is operative in man, or that it is involved in 
the pathogenesis of either human or experi- 
mental atherosclerosis. Nonetheless, in view 
of the widespread curiosity concerning factors 
which affect lipid metabolism in atherosclerosis, 
these observations may be of interest. Further- 
more, if dietary salt is involved in the patho- 
genesis of hypertension‘~’ the present studies 
provide at least speculation on a basic link 
between hypertension and atherosclerosis. 


EXPERIMENTAL PROCEDURE 


Details are presented in the original paper on this 
subject. Only a brief summary is included here, 
sufficient to clarify the general experimental pro- 
cedure. 

Animals and Diets: All of the rats were Sprague- 
Dawley females. They were started on the experi- 
mental regimen at an age of from 3 weeks to 2!/¢ 
months and subsequently continued without change 
for periods ranging from 2 to 15!/2 months. Each 


experimental group had appropriate control animals, 
the basic diet of which consisted of Ralston Purina 
fox chow pellets without added sodium chloride; 
our analyses indicated that this food had 0.50 to 
0.75 per cent sodium chloride. Test animals re- 
ceived the same chow to which one of two supple- 
mentary sodium-containing salts had been added by 
the manufacturer so that the final concentration 
calculated as sodium chloride approximated 8 per 
cent by weight. One of the salts was chemically 
pure sodium chloride, whereas the other was a 
mixture derived by evaporating sea water and hence 
called “sea salt” in this paper.¢ Our analyses 
indicated that the first of these salt-containing foods 
(“8 per cent NaCl food’’) contained an average 
of 8.1 per cent NaCl, whereas the other (‘11.6 
per cent sea salt food’’) contained about 7.3 per cent. 
The rationale of using sea salt to induce experi- 
mental hypertension is treated in another paper in 
this seminar.* All animals were housed in air- 
conditioned rooms, two to six animals per cage, 
with free access to drinking water and food. Weights 
and blood pressures were measured at approx- 
imately monthly intervals. Food consumption was 
checked over 4 day periods from time to time and, 
in association with parallel weight and growth curves, 
suggested similar amounts of food were being con- 
sumed by all groups. 

The dog colony consisted of seventeen purebred 
beagles including sixteen females and one castrated 
male. Each animal was fed daily and consumed an 
average of 200 gm. of kibble, 100 gm. canned horse 
meat and 1 teaspoonful of a low sodium mineral- 
vitamin supplement. The five control animals re- 
ceived this diet plus tap water ad libitum. The four 
**1 per cent NaCl-H,O” animals ate the same diet 
but drank 1 per cent saline ad libitum in place of tap 
water. The four ‘2 per cent NaCl food” animals 
and the four “6 per cent NaCl food” animals were 
fed kibble to which NaCl had been added in amounts 
calculated to be 2 and 6 per cent, respectively. 


+ I am indebted to the Trace Elements Corporation, 
Houston, for a supply of Admiral brand trace element 
sea salt sufficient to initiate these experiments. 


* From The Medical Research Center, Brookhaven National Laboratory, Upton, New York. Supported by the 


United States Atomic Energy Commission. 
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TABLE I 
Group 1. Female Rats, Eighteen Months of Age at Sacrifice 
Systolic Blood 
Rat Food Months on ae Blood Urea 
No. eis Diet — Pressure Nitrogen olesterol 
(gm.) (mm. Hg)  /|(mg. per cent) (mg. per cent) 

1 Control 17!/2 306 123 es 95 

2 Control 17!/. 302 109 9.1 95 

3 Control 17}/2 342 125 10.2 75 

4 Control 17!/2 270 96 “iF 92 

5 Control 17'/. | 312 109 19.4 106 

Average (and S.D.) 306 .4(2425.7) 112.4(+1717.9) 12.9 92.6(+1717.2) 

6 11.6 per cent sea salt 151/. | 268 160 (3)* 11.1 121 (2) 

7 11.6 per cent sea salt 151/, | 326 177 (3) si 193 (3) 

8 11.6 per cent sea salt 15!/, | 235 (2) 157 (3) a7 400 (3) 

9 11.6 per cent sea salt 151/, | 252 (2) 125 115 (3) 
10 11.6 per cent sea salt 151/, 314 159 (3) 10.3 160 (3) 
11 11.6 per cent sea salt 151/, 272 130 oa 198 (3) 
12 11.6 per cent sea salt 1531/2 236 (3) 166 (3) 10.8 100 
13 11.6 per cent sea salt 151/. 267 144 (2) 10.3 210 (3) 
14 11.6 per cent sea salt 151/. 332 133 125 (2) 
15 11.6 per cent sea salt 151/., | 223 (3) 162 (3) 8.6 441 (3) 
16 11.6 per cent sea salt 151/, 243 (2) 151 (3) 17.2 380 (3) 


Average (and S.D.) 269.8(+38.2) 151.3(+16.4) 11.6(42.8) 222.1 (+74.8) 


Systolic blood pressures are the average of last three values, obtained at monthly intervals. 

* Differs from mean value in control groups by 2 or 3 S.D., respectively. Salt-fed group had significantly (p < 0.01) 
higher mean systolic blood pressure and plasma cholesterol than control group. 

From: Dani, L. K. J. Exper. Med., 112: 635, 1960.3 


Analyses of these foods in our laboratory gave the 
following sodium concentrations, calculated as NaCl: 
unmodified kibble, 1 per cent; 2 per cent NaCl 
kibble, 2.5 per cent; 6 per cent kibble, 6 per cent: 
horse meat, 0.5 per cent. The animals receiving 
added sodium chloride began eating it at 2'/» to 


4!/, months of age and at the time of the blood lipid 
and blood pressure measurements upon which this 
report is based, they had completed from 45 to 48 
months on this regimen. ‘The four animals in the 
6 per cent NaCl food group received 2 per cent NaCl 
food during the first 7'/2 months of the experiment 
after which they received the 6 per cent food. 

Blood Pressure Measurements: For both rats and dogs, 


ca 9 the microphonic method of Friedman and Freed? 

175 b * was used with the modifications as described.* 
Miscellaneous Methods: Blood was obtained from 
* 180} : rats by nicking the tail, from dogs by venepuncture, 
B . 2 and in both instances was put directly into hepari- 
aut a nized tubes which were immediately centrifuged and 
pa aa | the plasma removed. Cholesterol was measured by 
a © CONTROLS the technic of Abell et al. and blood urea nitrogen 
75+ SEA SALT by Conway’s microdiffusion technic." Statistical 
e significance of the difference between means of 
50 | groups was calculated by Student’s test using the 

modern tables of Fisher and Yates.” 
RESULTS 
100 200 300 400 500 
PLASMA CHOLESTEROL (mg%) RATS 

Fic. 1. Effect of chronic salt feeding on blood pressure Group 1 (Table 1, Fig. 1): The salt-fed animals 


and plasma cholesterol levels in female rats. Results 
after 151/. months. From: Daut, L. K. J. Exper. 
Med., 112: 635, 1960.8 


had received extra salt for about 15!/2 months 
when the final measurements shown in Table 
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TABLE 
Group 2. Female Rats, Seven and One-Half Months of Age at Time of Bleeding for Plasma Cholesterol 


Systolic 
Months on Blood 
Diet Pressure 


Total 
Cholesterol 


(mm. Hg) (mg. per cent) 


114 
124 
124 
126 
120 
126 
123 
132 
124 
137 
138 


Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Contro* 


269.171(+21.8) 126.2(+7.7) 


.6 per cent sea salt 262 154(3)* 
.6 per cent sea salt 249 122 

.6 per cent sea salt 263 180 (3) 
.6 per cent sea salt 2 239 
.6 per cent sea salt 283 
.6 per cent sea salt 249 
.6 per cent sea salt 
.6 per cent sea salt 
.6 per cent sea salt 
.6 per cent sea salt 
.6 per cent sea salt 
.6 per cent sea salt 
.6 per cent sea salt 
.6 per cent sea salt 
.6 per cent sea salt 


260.3(+14.0) 153.7(+24.6) 


8 per cent NaCl 277 140 (2) 
8 per cent NaCl 270 190 (3) 
8 per cent NaCl 254 145 (2) 
8 per cent NaCl 270 148 (3) 
8 per cent NaCl 258 138 
8 per cent NaCl 142 (2) 
8 per cent NaC] 150 (3) 
8 per cent NaCl 138 
8 per cent NaCl 124 
8 per cent NaCl ; 116 
8 per cent NaCl 134 
8 per cent NaCl 126 
8 per cent NaCl 126 
8 per cent NaCl 132 
8 per cent NaCl 153 (3) 


Average (and S.D.) 257.2(2416.5) 140.1(+17.3) 101.8 (+78.6) 


Systolic blood pressures are those for the last month of the experiment. 

* Differs from mean value in control group by 2 or 3 S.D., respectively. Both salt fed groups had higher mean 
blood pressure (sea salt < 0.01, NaCl < 0.05 > 0.01) than contro] group. Sea salt group only had higher (p < 0.01) 
mean plasma cholesterol than control group. 

From: Dani, L. K. J. Exper. Med., 112: 635, 1960.* 
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16 297 113 a 
17 297 63 ane 
18 232 81 
19 268 81 
20 242 99 che 
21 269 125 2 
22 255 113 Rees 
23 292 90 eee 
24 263 89 ae 
260 63 
26 285 94 ie 
Average (and S.D.) 97.9(+79.9) 
27 11 125 
28 11 138 (2) he 
29 11 125 ee 
30 11 119 
31 11 113 alee 
32 11 71 
33 11 123 
34 11 132 (2) 
35 11 106 Ve 
36 11 123 ified 
37 11 113 a 
38 11 85 ae) 
39 11 143 (2) fiake 
40. 11 96 
41 11 125 te 
Average (and S.D.) 175.8 (+79. 5) 
| 
42 109 a 
43 155 (3) J 
44 90 
45 106 
46 113 
47 90 ae 
48 104 a 
49 113 
50 99 
51 73 
52 106 
53 90 eit. 
54 99 
55 91 Sih. 
56 99 
Plas, 
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T 


© CONTROLS 
s 8% NaCl 
a a 116% SEA SALT — 


8 


SYSTOLIC B.P. (mm Hg) 


25 50 75 WO 5 150 i%5 200 
CHOLESTEROL (mg %) 


Fic. 2. Effect of chronic salt feeding on blood pressure 
and plasma cholesterol levels in female rats. Results 
after 6'/, months. From: Dant, L. K. J. Exper. 
Med., 112: 635, 1960.8 


1 were obtained. ‘The average blood pressure 
and systolic pressure were higher in the salt- 
fed group (p less than 0.01) than in the control 
group. However, in individual animals there 
did not appear to be a direct correlation be- 
tween increase in pressure and increase in 
plasma cholesterol, as exemplified by rats 11 and 
14 which had nearly identical blood pressures 
but rat 14 had more than four times the plasma 
cholesterol concentration of 11. Inspection 
of the graph (Fig. 1) shows similar if lesser dis- 
parities. Neither blood pressure nor cholesterol 
concentration was correlated with weight or 
blood urea nitrogen. 

Group 2 (Table 11, Fig. 2): The two test groups 
had been fed extra salt for about 6!/2 months at 
the time of the determination of blood pressure 
and plasma cholesterol concentration shown in 
Table u. Among individual salt-fed animals, 
elevations in systolic pressure were common 
whereas elevations in plasma cholesterol were 
not. Among the sixteen rats with significantly 
elevated blood pressures only three also had 
increased plasma cholesterol; a single animal 
(No. 28) had normal pressure but a slightly 
increased plasma cholesterol ( less than 0.05). 
These data suggested that if salt-feeding were 
to result frequently in hypercholesterolemia, a 
period longer than 6 months was commonly 
required. No correlations with weight were 
evident. 

Group 3 (Table 111, Fig. 3); The test animals in 
this group had received extra salt for only 2 


200 T T T T ; T T 
190 
180 = 
170 ©o-CONTROLS 7] 
8% NoC! 
x 4-11.6 % SEA SALT 
160+ 
a a 
@ 46 
150 
s 
° a° 
130 8 
° 22 
re) 
120 
110 
25 50 75 100 125 150 175 200 
CHOLESTEROL (Mg %) 
Fic. 3. Effect of chronic salt feeding on blood pressure 


and plasma cholesterol] levels in female rats. Results 
after 2 months. From: Dani, L. K. J. Exper. Med., 
112: 635, 1960.8 


months and, in support of this deduction 
relative to length of time required to elevate 
plasma cholesterol concentration, individual 
significant elevations were present in only four 
animals, all of which were included among the 
thirteen salt-fed animals with elevated systolic 
pressures. Again, no correlations could be 
established with weight or blood urea nitrogen. 


200 T T T T 


SYSTOLIC B.R (mm Hg) 


° CONTROLS 


100 200 300 400 500 


CHOLESTEROL (mg%) 
Fic. 4. Effect of chronic salt feeding on blood pressure 
and plasma cholesterol levels in female dogs. Results 
after 4 years. From: Dani, L. K. J. Exper. Med., 
112: 635, 1960.* 
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TABLE II 
Group 3. Female Rats, Eleven Weeks of Age When Blood for Plasma Cholesterol Obtained and Systolic Blood 
Pressures Measured 
Body Systolic Blood Total 
Rat Food Weight Mood ave Cholesterol 
Pressure Nitrogen 
(gm.) (mm. Hg) | (mg. per cent) (mg. per cent) 
57 Control 191 122 18.7 60 
58 Control 225 126 17.4 74 
59 Control 204 125 29.7 85 
60 Control 210 126 20.9 74 
61 Control 200 130 19.6 81 
62 Control 215 142 (2)* 18.6 90 
63 Control 209 129 81 
64 Control 222 132 50 
65 Control 223 120 74 
66 Control 225 134 85 
67 Control 235 132 81 
68 Control 240 134 60 
Average (and S.D.) 216.6(+14.4) 129.3(+6.0) 20.8(+4.5) 74.6(+.121) 

69 11.6 per cent sea salt 210 194 (3) 13.0 85 
70 11.6 per cent sea salt 181 (2) 133 21.6 81 
71 11.6 per cent sea salt 218 134 18.4 94 
72 11.6 per cent sea salt 201 152 (3) 20.9 85 

73 11.6 per cent sea salt 214 182 (3) 23.4 100 (2) 
74 . 11.6 per cent sea salt 215 154 (3) 17.8 90 
75 11.6 per cent sea salt 189 122 85 

76 11.6 per cent sea salt 211 174 (3) 100 (2) 
77 11.6 per cent sea salt 205 136 81 
78 11.6 per cent sea salt 175 (2) 120 90 
79 | 11.6 per cent sea salt 201 124 81 

80 : | 11.6 per cent sea salt 197 142 (2) 101 (2) 

Average (and S.D.) 201.4(+13.8) 147.3(2424.6) 19.2(43.7) 89.4(+7.7) 
| 

81 8 per cent NaCl 190 124 19.3 81 
82 8 per cent NaCl 203 152 (3) 26.8 90 
83 8 per cent NaCl 233 138 19.5 81 
84 8 per cent NaCl 208 143 (2) 40.4 84 
85 8 per cent NaCl 204 146 (2) 41.6 74 
86 8 per cent NaCl 241 132 31.0 81 
87 8 per cent NaCl 220 140 98 

88 8 per cent NaCl 213 142 (2) 100 (2) 
89 | 8 per cent NaCl 212 142 (2) 69 
90 8 per cent NaCl 179 (2) 162 (3) 88 
91 8 per cent NaCl 225 145 (2) 98 
92 8 per cent NaCl 215 140 74 


Average (and S.D.) 


277.9(2417.2) 142.2(+9.4) 29.8(+9.8) 84.8(+10.2) 


All rats were on the diets for 2 months. 
* Differs from control mean value by 2 or 3 S.D. respectively. 


Both salt-fed groups had higher mean blood pres- 


sures and plasma cholesterol concentrations compared with the control group: blood pressure, sea salt, p < 0.05 > 0.01; 


NaCl, p < 0.01; cholesterol, sea salt, p < 0.01; NaCl, p < 0.05 > 0.01. 


was significantly less than the control group: p < 0.05 > 0.01. 
From: Dani, L. K. J. Exper. Med., 112: 635, 1960.% 


DOGS 

The control and salt-fed groups did not 
differ significantly in mean systolic blood 
pressures; furthermore, among individual mem- 
bers with elevated pressure, no correlation 
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The mean weight of the group fed sea salt 


with plasma cholesterol concentration was 
apparent (Table rv, Fig. 4). 
twelve animals which were fed extra salt seven 
had an increase in cholesterol of which all but 
one exceeded three standard deviations of the 


Among the 
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TABLE IV 
Seventeen Beagles Fed Diets Containing Different Amounts of NaCl for Four Years 


ys- Blood 
A Mo Body | Blood | Nitro- | Choles- 8 
Dog Food on Weight | Pres- gen terol 
(mo.) Diet (kg.) sure (mg. (mg. per (mg. _ (mg. 
er ho- r 
(mm. per cent) P id ) 
Hg) cent) cent) ipi cent 
1 Control 52 50 8.5 160 a7 153 
2 Control 52 50 10.6 134 10.3 208 ree aa “er 
+ a Control 52 50 10.2 180 12.1 195 440.0 0.45 18.1 
4 Control 52 50 13.9 146 9.4 177 358.0 0.49 20.4 
Control 41 40 9.6 171 11.6 186 
Average (and S.D.) 10.6 158 184 
(42.0) (479) (+3.2) (+27) 
| 
6 | 6percentNaCl 49 | 45f | 7.58 | 165 | 9.3 | 175 
7 6 per cent NaCl 49 | 45 11.8 | 145 i2.7 386 (3)3 618.0 0.63 | 18.7 
8 6 percent NaCl | 49 45 | 11.0 134 30.4 | 435 (3) 687.8 | 0.63 | 29.3 
9 | GpercentNacl | 49 | 45 | 16.8 | 189 | 11.5 | 2332) |... | 
| | | | 
Average (and S.D.) 71.8 157 16.0 307 
(43.8) (424) (48.7) (+123) 
| | 
10 | 2 per cent NaCl 50 | 45 13.4 | 193 10.8 | 180 
11. | 2 per cent NaCl | & 11.4 129 275 (3) | 
12 2 percent NaCl | 49 | 45 | 13.1 | 128 | 76.3 i 320(3) | 602.5 | 0:51 | Ee 
13 | 2 percent NaCl | 49 45 | | | 476.0 0.61 | 19.9 
| ! | 
Average (and S.D.) 11.8 147 it 266 
(47.9) (+30) (+0.9) (+67) 
| | 
14 1 percent NaCl | 52 48 8.4 135 12.7 | 193 Sr 
15 1 percent NaCl 52 | 48 | | | 
16 1 per cent NaCl 52 48 14.2 | 154 12.3 | 264(3) “79.0 | @.55 |. 17.3 
171! 1 percent NaCl | 52 48 13.6 | 158 | 9.1 | 183 385.2 0.48 | 11.6 
| 
Average (and S.D.) 17.3 750 17.3 208 
(43.0) (+10) (417.6) (+39) 


All dogs females except 17 (1 per cent NaCl). 

* Dog 3 impregnated by No. 17 and delivered two pups at age 11 months. 

{ Offspring of No. 3. 

t First 7'/2 months, all 6 per cent NaCl dogs received 2 per cent NaCl food, so time on 6 per cent NaCl food was 
37!/2 months. 

| Male, castrated at age of 9 months. ? 

§ Differs from mean control value by 2 or 3 S.D., respectively. Blood pressures not significantly different among 
groups. Mean cholesterol of 2 per cent NaCl group significantly higher (p < 0.05 > 0.01) than control group. The 
large coefficient of variation (40 per cent) in 6 per cent NaCl group probably contributes to the mean cholesterol 
level not being significantly greater than that of control group. 

From: Dani, L. K. J. Exper. Med., 112: 635, 1960.8 


mean value in the control animals. In two PL) ratios are shown in the last three columns of 


animals from each group, plasma phospholipids 
and triglycerides were measured in addition to 
cholesterol.* These data as well as the cal- 
culated total cholesterol/phospholipid (TC/ 


* For these determinations, I am greatly indebted to 
Drs. Howard A. Eder and Lewis Gidez of the Depart- 
ment of Medicine, Albert Einstein College of Medicine. 


Table tv. By the same method for analysis of 
phospholipids, normal dogs were observed to 
have serum concentrations of 362 mg. per 
cent and a TC/PL ratio of 0.41. In that 
study, total cholesterol was analyzed by a 
method" which yields slightly lower values than 
that used in our study so that it would be 
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expected, as found, that the normal TC/PL 
ratio derived from the present technics would 
be somewhat higher than 0.41. One dog 
(No. 12, 2 per cent NaCl) was found to have a 
markedly elevated triglyceride value of 70.4 
mg. percent. Although this is a limited sample, 
there is suggestive evidence that other plasma 
lipids may increase in response to the same 
stimulus that resulted in hypercholesterolemia. 


COMMENTS 


The present observations indicate that experi- 
mentally produced chronic excess salt feeding 
may result in hypercholesterolemia; there is 
suggestive evidence that other plasma lipids 
may share in this response. Chronicity of 
feeding is clearly important: rats which had 
eaten extra salt for periods up to 6 months had 
relatively infrequent and only modest eleva- 
tions, whereas rats and dogs fed added salt for 
more than 1 and 4 years, respectively, frequently 
had marked elevations in plasma cholesterol. 
Further confirmation has been observed in 
studies now being prepared for publication. 
In one such study, by making consecutive 
measurements on the same animals over a 
period of about 1 year it was found that after 9 
or 10 months of salt feeding, 40 per cent of the 
members of a large colony of rats had plasma 
cholesterol values ranging from 150 to 516 mg. 
per cent. 

It is of some interest that plasma lipids were 
not increased equally among members of two 
of the groups of dogs which were ingesting 
roughly equivalent amounts of salt, as 1 per 
cent NaCl drinking solution for one group and, 
in the other, as 6 per cent NaCl food. Animals 
which obtained their salt primarily as 1 per 
cent saline solution seemed to have less signif- 
icant elevations than those which consumed 
it in their food. The latter animals drank 
about 50 per cent more water than did those 
drinking 1 per cent saline but whether this 
difference is important cannot be said at 
present. 

The role of hypertension per se in the elevation 
of plasma lipids observed in some of these 
animals is not entirely clear. In the rats, 
separation of elevated pressure from elevated 
lipids is made particularly difficult because of 
the frequency with which salt feeding is as- 
sociated with some degree of hypertension. 
In our experience, about four rats in five will 
have hypertension of mild to severe degree 
when they are chronically on one of the salt 
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regimens used by us. Therefore in such a 
group the probability of any single animal 
with hypercholesterolemia also having hyper- 
tension would be high. In this case, although a 
high correlation would exist it would not 
necessarily indicate a causal relationship be- 
tween the two observed phenomena; it is also 
possible that both were the result of a common 
stimulus (excess salt consumption) in which 
case the elevated pressure would not be the 
cause of the elevated lipids. 

Fortunately, some clarification of this prob- 
lem is provided by observations on the dogs. 
In our animals, salt-feeding did not appear to 
induce hypertension, presumably because of the 
profound capacity of dogs to excrete oral salt 
loads quickly.“ Among the seven dogs with 
significantly elevated plasma cholesterol concen- 
trations, only one was definitely hypertensive 
(No. 9, 6 per cent NaCl group) and a second 
was borderline (No. 16, 1 per cent NaCl 
group): these two animals had the lowest 
cholesterol levels among the seven with eleva- 
tions. 

Whether hypertension can be a _ primary 
cause of elevated serum lipids is not clear from a 
recent extensive review of the literature.’ 
On the whole, it is fair to say that most of the 
available experimental data suggest that hyper- 
tension per se, probably will not cause an elevation 
in plasma lipids,'7~*° although some of the 
data are equivocal. Thus, Lewis, Green and 
Page 7! found that changes did not develop in 
dogs with neurogenic hypertension, whereas 
comparable animals with nephrogenic hyper- 
tension had elevated serum lipoproteins; the 
latter elevations were interpreted to be related to 
the kidney damage associated with the renal 
hypertension rather than the hypertension it- 
self. Katz and Stamler” induced hypertension 
in cockerels by substituting 0.9 per cent saline 
for drinking water or by feeding up to 8 per 
cent NaCl in the food; they observed neither 
hypercholesterolemia nor enhanced athero- 
sclerosis in the animals receiving extra salt. 
Meneely and his associates” :*4 observed elevated 
serum cholesterol levels in the rats chronically 
fed excess salt, but concluded that the cor- 
relation was more striking with blood pressure 
than with salt consumption. 

Deming et al.*® studied the effect of experi- 
mental hypertension on induced atherosclerosis 
in the rat. Among animals on an atherogenic 
regimen, there was a positive correlation be- 
tween increase in blood pressure and increase 


° 
ai tt: 
AC 
} 
ve 
¢ 
| 
Ce 


712 Dahl 


in serum cholesterol concentration. However, 
in evaluating the effect of salt, they found that it 
was “‘not possible to conclude from these results 
that salt alone has no effect on cholesterol 
concentration ...” (Experiment 3). Donomae 
et al.”® induced atherosclerosis in rabbits by 
feeding lanolin which in six instances was 
supplemented with added NaCl. Among these 
six animals were those with the highest concen- 
tration of serum cholesterol in the series of 
fifty-two rabbits. 

At the present time no explanation is at hand 
for the mechanism by which hypercholestero- 
lemia is induced with chronic salt-feeding. 
The possible role of the kidney is suggested by 
the nephrotic syndrome in man; furthermore, 
Meneely found that some of his salt-fed rats 
had a clear-cut nephrotic-like syndrome.” 
However, this was not observed in any of the 
animals in this series although we have seen it 
occasionally in others. Furthermore, as judged 
by the blood urea nitrogen concentration in our 
animals, significant kidney disease was not 
present. At the present time an extensive 
histologic and histochemical review of tissues 
from these and other rats on the same regimen is 
being made. Preliminary observation suggests 
no clear-cut correlation between pathologic 
changes and hypercholesterolemia, although 
final judgment must await conclusion of the 
study. In any event, the kidney cannot 
be ruled out at the present time. 

In the absence of facts to the contrary, it is 
permissible to speculate on possible mechanisms. 
It should be clearly stated in advance that our 
own prejudices are against rather than for 
kidney damage being the cause of the hyper- 
lipemia here. Variation in exogenous supplies 
of cholesterol probably need not be seriously 
considered since the only known variable was 
the added salt and this did not affect food 
consumption significantly. It is more in- 
triguing to me, at least, to account for these 
lipid changes on the basis of enhanced intestinal 
absorption, increased synthesis or decreased 
degradation, or possibly some combination of 
these. In line with such an interpretation, the 
instillation of water or salt solution into the 
gastrointestinal tract is used by lymph physiol- 
ogists to enhance intestinal lymphatic flow.?7:*8 
Theoretically it is possible that increased 
lymphatic flow could result in an increase in 
effective absorption from the gut as well as an 
increased hepatic lymph flow, possibly with an 
attending increase in synthesis of cholesterol. 


From these studies it cannot be concluded, or 
even inferred, that chronic excess salt con- 
sumption is involved in the pathogenesis of 
atherosclerosis either in experimental animals or 
in man. In fact, in the experimental studies 
mentioned,”?5.?6 the authors specifically stated 
that there was no increase in the atherosclerosis 
as a result of salt-feeding. Nonetheless, since 
chronic excess salt consumption is capable of 
elevating plasma lipids, it could conceivably 
affect the atherosclerotic process as well. It is 
rather unlikely that salt consumption could 
play a primary role in atherosclerosis, but it 
might play an accessory role in an organism 
on an atherogenic regimen such as that of 
the inhabitants of most western societies. It is 
important to remember that slight abnormalities 
operating over decades can result in significant 
disease. Such a potential may exist here. 


SUMMARY AND CONCLUSIONS 


Female rats and dogs which had consumed 
excess salt for periods of about 1 and 4 years, 
respectively, frequently had increases in plasma 
cholesterol concentration, sometimes quite 
marked. 

Chronicity of feeding appeared to be critical 
for development of the hypercholesterolemia 
since rats on the same regimen for only 2 or 6 
months had less frequent and less marked 
elevations. 

The evidence at hand suggests that the lipid 
changes were not related primarily to increased 
blood pressure, kidney disease, differences in 
food consumption or in body weight. 

There is no indication that excess salt con- 
sumption is related to atherogenesis although a 
factor capable of elevating plasma lipids 


‘ conceivably could affect the atherosclerotic 


process. 
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Panel Discussion 


Chairman: Dr. James Conway ~~ 


DISCUSSION OF PAPERS BY TOBIAN; ISLER; FREGLY AND GONZALEZ; SKELTON; AND DAHL 


Ftoyp Sxe.tton: Dr. Tobian, how long a time 
elasped between removal, perfusion and measure- 
ment of the juxtaglomerular cell index in your 
experiments? What was the time relationship 
between measurement of the juxtaglomerular cell 
index in the perfused kidney and the control kidney? 
If there was a significant lapse of time between 
fixation of the kidneys, could it be that the fall in 
juxtaglomerular cell index of the perfused kidneys is 
due simply to the fact that it is an in vitro organ and 
may not be considered entirely physiologic any 
longer? ‘The stainability of the granules might be 
influenced by these factors instead of, or as well as, 
by perfusion pressure. I wonder, too, whether the 
perfusion was performed with extremely low pressures 
to see if hypergranularity resulted? If the kidney 
were truly alive, one might expect to find such hyper- 
granularity in response to low pressure perfusion. 

Louris Topian: One kidney was taken out as a 
control sample and the other kidney was transferred 
without a period of ischemia to a little box and then 
perfused for 3 hours with blood from a donor rat. 
Thus, it was getting blood which had been passing 
through a liver and a real lung, and so on. The 
low pressure perfusions were carried out for the same 
length of time as the high pressure perfusion. ‘The 
low pressures were not more than 10 mm. Hg or so 
less than the mean pressure of a normal rat. If 
rough handling were a factor one would have expected 
the same loss of stainability in both the perfusions at 
normal and at high pressures. The ones which were 
perfused at 85 mm. Hg had no reduction in the num- 
ber of granules; whereas the ones perfused at 180 did. 
I do not think that loss of stainability is the probable 
explanation for this difference. It could be that the 
perfusion at the higher pressure damaged the granules 
in a way that the perfusion at normal pressure did 
not; we have no real evidence for this. Remember, 
the kidneys in both types of perfusion were isolated for 
about the same length of time. 

Fioyp Ske.ton: Did you keep the first kidney in 
a chamber under relatively normal perfusion pressure 
and then take it out? 

Lours Yes. 

FLoyp SKELTON: How about low pressure per- 
fusion? Have you ever noted hypergranularity? 

Louis Tosian: No. We have not tried that, 
although it is an interesting idea. 

Sypney FriepMAN (Vancouver, Canada): Dr. 
Tobian’s work on the juxtaglomerular apparatus 


represents some soul-satisfying pieces of investigaton, 
but I want to take issue with the part about volume 
receptors and stretch receptors. In strictly physical 
terms, when I think of a volume receptor, it is im- 
possible to conceive of one without moving parts 
which will clearly measure the volume of the whole 
system without transducing it to some other variable 
such as pressure. When physiologists talk about a vol- 
ume receptor, they mean something which measures 
the volume of the whole system without transducing 
it into a pressure change. If your definition is less 
rigid and you transduce (i.e., convert energy from 
one state to another) volume change to pressure 
change in the system, you would measure the volume 
of the system only if you could be absolutely certain 
that the particular location of the pressure receptor 
makes it reflect changes in the system as a whole. 
When physiologists talk of a stretch receptor or a 
pressure receptor, they mean precisely that. This is 
not the same as a volume receptor. I find a volume 
receptor a rather inconceivable entity. I rather agree 
with Dr. Burton on that particular point. If, on 
the other hand, one measures a change experi- 
mentally and finds that a certain physiologic variable 
seems to reflect a change in volume, then this only 
indicates a correlation with the change in volume. 
In other words, it is not the volume change itself 
that is being measured. Now, when Dr. Tobian 
speaks of a stretch receptor or pressure receptor in 
the glomerular arterioles, I think this is absolutely 
valid, but to change that over to a volume receptor 
would be for him to take on his shoulders all of the 
problems which attach to volume receptors. 

My second point is totally distinct from the first, so 
I would like to bring this to Dr. Tobian’s atterition 
and ask for his comments. His experiments are 
distinct from those of Pitcock and Hartroft (Am. J. 
Path., 34: 863, 1958), although parallel indeed, but 
he arrives at the conclusion that the basic change is a 
pressure one and that their responses to sodium 
manipulation can be understood in terms of pressure 
and volume. The Hartrofts take the opposite view; 
that is, the sodium change is primary and pressure 
changes is to be understood in terms of sodium distri- 
bution. I think both may in fact be interlocked 
since stretch itself is known to change membrane 
permeability. In fact, stretch can be used as an 
experimental tool for this. Would Dr. Tobian 
comment on the difference in emphasis of his view 
with that of the Hartrofts? 
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Davin Gorpon (Miami, Florida): I agree entirely 
with Dr. Friedman on the point of semantics about 
volume receptors and that it ought to be called the 
stretch receptor. But if it is a stretch-pressure- 
receptor, then it brings up the question as to how it 
responds to changes in salt intake. I can follow the 
argument about the effect of putting a clip on the 
renal artery and reducing pressure; therefore, stretch- 
receptor must shrink down or vice versa, but if it is 
not a volume receptor I do not understand how it 
responds to salt. 

Lours Topian: When I talk about a volume recep- 
tor, I am really referring to a stretch receptor that 
appreciates changes in volume. Under certain 
circumstances a stretch receptor can, indeed, change 
its degree of stretch in relation to a change in volume, 
but in other circumstances this would not necessarily 
be so. Whenever I said ‘‘volume receptor,” I actually 
meant “stretch receptor.” On the other hand, I do 
not see why under certain circumstances a stretch receptor 
cannot register volume. You can look at it the 
other way around; that is, in the sense of negative 
stretch or ‘“‘unstretch.”’ If I break your suspenders, 
they will change their stretch but in a negative 
direction. 

GrorcE MENEELY (Nashville, Tennessee): That’s 
like explaining obesity as the absence of negative 
calories! 

Lours Tosran: I suppose I could use the word 
“distend” or “‘undistend,”’ but if you take a distended 
rubber band and move the ends in relation to each 
other, you are changing the degree of stretch. 

Howarp, Swann (Galveston, Texas): An equiv- 
alent situation is a low pressure in the carotid sinus. 
This causes a lessening of the volleys of impulses in 
the sinus nerve, but even so, the lessening of impulses 
is a very powerful stimulus to the medullary vasomotor 
centers. 

SypNEY FRrepMAN: Burton has put that fairly 
clearly. He points out that the tension operates 
both on the intraluminal pressure as well as the extra- 
luminal pressure and it is really the net difference 
between the two which correlates with the tension 
of the wall. If you lower extraluminal pressure, you 
will increase the stretch of the wall, and if you 
increase that pressure, the wall tension will decrease. 

Lourts Topian: You mentioned stretch versus 
sodium. I haven’t talked with Mrs. Hartroft 
recently so I do not know her present position. 
There is an article in which she studied human 
subjects, and put great stress on the sodium con- 
centration in the plasma (Am. J. Path., 34: 863, 
1958). We all agree on the facts; it is just how to 
interpret them. The nub of this disagreement would 
be brought out most clearly by a low salt diet. 
Both of us agree that salt increases the granulation; 
Hartroft would say that it did it somehow by changing 
the serum sodium concentration, and I would say 
that it did it by some other means. I cannot en- 
thusiastically accept the change in sodium con- 
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centration as the major stimulus because when I 
put rats on a low salt diet, I am always amazed that 
their serum sodium concentration does not change. 
In these experiments the granulation goes up, but the 
extracellular sodium concentration may not change at 
all. It may change 1 mEq. per L, but the change is 
very, very tiny. Utilizing the perfusion set-up and 
knowing that I could drop the granulation in a 
couple of hours with high pressure perfusion, I 
perfused at normal pressure with blood containing 
about 190 mEq. of sodium and there was no de- 
granulation. If the granular cells were really im- 
pressed with a high sodium concentration, this would 
give them a chance to show it, and they didn’t 
show it. This is why I would tend to accept a stimulus 
that did not involve concentraton but rather some 
other parameter such as changes in volume which 
alter the stretch of the juxtaglomerular cells. 

Smwney Cassin (Gainesville, Florida): Dr. Tobian, 
would you comment on the effect of the pituitary and 
especially ACTH on juxtaglomerular granulation? 
In recent literature it is reported that ACTH in- 
creases granulation of the juxtaglomerular cells. 

Louis Topian: I am aware of this work. I 
personally can only report on three rats. I gave them 
a large dose of ACTH and their granules didn’t 
change. Moreover, Hartroft tried a low salt diet 
in hypophysectomized rats and noted that they had 
a typical hypergranulation response in the absence of 
any ability to change their pituitary secretions. 
These experiences argue against an all-important 
role for ACTH. However, it may have some sort 
of minor role. 

FLoyp SKELTON: I want to interject a reference on 
this subject by Marks et al. (Proc. Soc. Exper. Biol. & 
Med., 105: 593, 1960). It looks quite interesting 
to me although it certainly differs from the opinions of 
others. 

James Conway (Ann Arbor, Michigan): I wonder 
whether Dr. Tobian has tried to differentiate be- 
tween pulse pressure and mean pressure in his 
perfusion experiments? 

Louts TosiAn: It was mentioned that stretch may 
change membrane permeability. ‘That is certainly 
a good possibility. We did not analyze pulse pressure 
versus mean pressure. We were just doing an initial 
experiment to see if anything at all would happen 
and never got beyond that stage. 

Dr. Gordon, you ask how salt can affect a stretch 
receptor? If you eat more salt, this causes you to 
retain more water and swells your blood volume. 
Murphy (J. Clin. Invest., 29: 912, 1950) has measured 
blood volumes of people who have different levels of 
salt intake and says that the blood volumes are 
different. The big question concerns the manner 
in which this extra blood volume is distributed. First, 
we must admit we do not know. Let us assume that 
it is distributed generally. We will assume that 
vascular volume increased by ten per cent and that 
every vascular element shared in the increase. We 
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will include the afferent arteriole in the list of vascular 
elements. The afferent arteriole would have to 
accommodate a 10 per cent increase in volume, and 
just as a balloon, it would be stretched. Since the 
juxtaglomerular cells are in the walls of the afferent 
arteriole, they too would be a little stretched. I 
admit that I do not know how this extra blood volume 
is accommodated. You might counter that it is all 
in the veins, and I could not say you are wrong. 

Davw Bour (Ann Arbor, Michigan): I hate to 
see you abandon the volume receptor. I think it is 
a valuable concept to picture the sensing of a change 
in volume. Changes in both volume and pres- 
sure could be sensed by the same type of stretch 
receptor. The volume receptor is merely a pres- 
sure receptor that happens to be in the distens- 
ible tube. If on the other hand this same sens- 
ing device happens to be in a poorly distensible 
tube, it becomes a pressure receptor. I think the 
dual terminology must be retained not only because 
one is influenced primarily by changes in volume 
while the other is influenced by pressure, but also 
because the effect of the former is to correct the 
volume change while the latter acts to correct the 
pressure change. 

Lours Tostan: I think you can say it is a stretch 
receptor that can measure volume under certain 
circumstances. How do you like that? 

Davip Bonr: I think that one measures pressure 
and the other volume and their action is to correct 
the specific change that they sense. 

Davip Gorpon: It would act a lot better if it 
were sitting on a vein. 

Georce MENEELY: In the last analysis a volume 
receptor of any kind can only measure volume locally. 
It has got to be a stretch receptor. It is impossible 
that anything should sense the entire volume at any 
one site. 

Epwarp P. Raprorp, Jr. (Boston, Massachusetts) : 
Does Dr. Tobian think there is a neural element in 
stimulation of the juxtaglomerular apparatus in 
response to pressure? 

Louis Tospian: The juxtaglomerular complex is 
very rich in nerves. I do not know where the nerves 
fit into the whole picture. The cells appear to be 
secretory in type and are so richly intertwined with 
nerve elements that one wonders whether nervous 
influence might not really be important on the afferent 
side. 

Epwarb P. Raprorp, Jr.: This provides a way to 
bring neuroeffector agents into the picture, for 
example, the catecholamines. 

Howarp Swann (Galveston, Texas): I would 
like to ask Dr. Tobian about how he applies his 
theory to glomerulonephritis. This disease usually 
puts a block in the renal vascular system downstream 
from the juxtaglomerular apparatus. This would 
result in a rise in pressure next to the juxtaglomerular 
apparatus which should cause, if his theory is correct, 
low blood pressure and not high blood pressure. 


Louis TosiaAn: Dr. Swann, I cannot get around 
what you have mentioned. I am not sure glomeru- 
lonephritis works in just the same way. 

JounN WELLER (Ann Arbor, Michigan): If you 
have hypervolemia and acute glomerulonephritis I 
think it might well work the same way. 

Louis Tosran: I do not understand how glo- 
merulonephritis produces hypertension because it is 
not as pure a situation as is the experimental situation. 
If it affects the glomerulus only, then I would have a 
hard time fitting that into the juxtaglomerular theory. 

James Conway: I think it is a vascular disease 
generally and not a glomerular disease. 

MELvin Frecty: Dr. Tobian, I wonder whether it 
is necessary to postulate any connection between 
renin release and aldosterone secretion in the etiology 
of hypertension. We have been able to produce 
hypertension consistently in the absence of the adrenal 
gland both with renal encapsulation and with salt 
loading (Am. J. Physiol., 191: 542, 1957; Endocrinology, 
66: 240, 1960). In addition to these are the studies 
Wilgram presented in this seminar (Am. J. Cardiol., 
8: 582, 1961). 

Louis Topran: When I talked about renin, I 
was talking only about one limited aspect, about one 
of the effects this might have on sodium excretion. 
Over and above that is its effect on high blood 
pressure, and this is a different consideration entirely. 

ARTHUR CorcoRAN (Cleveland, Ohio): I was 
interested that Dr. Tobian brought up renin and/or 
angiotensin stimulating the adrenal to secrete aldos- 
terone or its equivalent. Do you visualize that as a 
direct stimulation? A good many years ago Masson 
and Deane gave renin and angiotensin to rats and 
found some hypertrophy of the zona glomerulosa. 
At that time we tried to explain it as a response to the 
saluretic effect of angiotensin and renin, which is 
demonstrable in rats (Jnternat. Cardiol. Congress, 
Paris, 1950). Now it seems it might even be a 
central effect of angiotensin; we did not work it out 
fully and I don’t know that it has been worked out. 

Louis TostaAn: Drs. Corcoran, Masson and Deane 


- were actually the first to bring out the principle that 


renin would stimulate the zona glomerulosa of an 
adrenal (J. Clin. Endocrinol., 11: 193, 1951). This 
work has been relatively ignored until the last year 
or so. Hartroft has confirmed it. She administered 
kidney extract and got a widening of the zona 
glomerulosa. More recent papers have dealt with 
the giving of renal extracts and angiotensin and 
noting that the aldosterone in the renal venous blood 
increases acutely. I am not certain whether this is a 
direct effect or not. This is a very new subject. 

ARTHUR CorcorAN: It would seem that it might 
be indirect because of the central effect of angiotensin. 

Louis Topran: That may be. Investigators know 
that if they give renal extracts or angiotensin they 
get a rise in renal venous aldosterone output. At 
present that is where the subject rests. 

Davip Gorpon: In connection with the paper of 
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Drs. Fregly and Gonzalez, I found interesting the 
transition point of 160 mm. Hg after which they began 
to find a larger thyroid gland. I have some evidence 
which also suggests that this is a transition pressure in 
my renal-hypertensive rats. If I have moderately 
renal hypertensive rats, the kidney with the clip on it 
has a normal or greater than normal size, but if I 
manage to get a higher pressure, the kidney begins to 
shrink. The point is that at about a pressure of 160 
mm. Hg I suspect that renin is involved and is released. 
My question is, could the effect on the thyroid be 
some effect of renin rather than of blood pressure? 

MeEtvin Frecty: Since angiotensin is a poly- 
peptide (a decapeptide, which is converted into the 
active octapeptide), we wondered whether or not it 
might have a thyroid stimulating hormone-like 
activity and we are now in the process of testing that, 
but I can only speculate as yet. TSH is probably also 
a polypeptide so that the possibility exists that at the 
time the kidney may be producing a larger amount 
of renin and angiotensin these may be the substances 
stimulating the thyroid gland. 

FLoyp SkELTon: I would like to comment on Dr. 
Isler’s paper. New Orleans is not considered ordi- 
narily to be a goiterous area. There is a lot of iodine 
in the food people eat. There is also a high content 
of sodium. A 2-year study one of the histologists has 
been making on adenomatous thyroids shows that in 
the autopsy population of the charity hospitals there 
is very high incidence of adenomatous nodular 
goiters. ‘This is contrary to what he and most others 
would have expected. Would Dr. Isler like to com- 
ment on this? 

ArtTHuR Corcoran: On Dr. Isler’s paper, the 
renal reabsorption of iodide and thiocyanate tend to 
be diminished. If one diminishes the reabsorption of 
chloride by giving large doses of chloride, one can 
diminish thiocyanate reabsorption. I wonder if he 
isn’t getting an ion entrainment by impairing reab- 
sorption of iodide by the saluresis. 

ArTHUR GROLLMAN (Dallas, Texas): Regarding 
the study on the thyroid, it seems to me one would 
anticipate that salt would not only affect the kidney 
and give animals hypertension but might also act on 
other organs just as violently as on the kidney. If 
one would study pancreatic function carefully under 
heavy salt loading, one might also show the effect of 
this extra stress, since each cell wherever it is in the 
body must extrude this ion from its interior. 

Another point in connection with Dr. Isler’s work: 
iodine is a halide, and we know that as far as the 
thyroid is concerned, big enough doses of bromide will 
act somewhat like iodide. As far as I know no one 
has studied the excretion of iodide to any extent, but 
we should expect the same relationship because these 
are all halides, thus accounting for the excess elimina- 
tion of iodide. The effect of vasopressin on the col- 
lecting tubules is directed primarily against water, 
but this change in water permeability might also 
affect the permeability or the extrusion rate of iodide 
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as well as chloride and might have some relationship 
to these very interesting results on the thyroid. 
Henri Ister: The high incidence of thyroid 
adenomas in the New Orleans area is probably not 
due to the high sodium content of the drinking 
water. We have produced thyroid nodules in the 
rat by feeding them a low iodine diet (J. Nat. 
Cancer Inst., 21: 1066, 1958; 23: 675, 1959). The 
diet we used contained 1 per cent sodium chloride. 
If we added iodine to the same diet sufficient to raise 
the iodine intake to an adequate level, very few 
nodules were observed, although the diet still con- 
tained 1 per cent sodium chloride. Nodule forma- 
tion is linked with goiter. Therefore, sodium chloride 
may be expected to enhance nodule formation only 
when it enhances goiter production, that is, under 
conditions of low or critical iodine intake, but not 
when the iodine intake is high. The effect of salt 
fits into the frame of the etiology of iodine deficiency 
goiter. This etiology is sufficient to explain the only 
goitrous condition of the rat: parenchymatous or 
simple goiter. However, the situation is more com- 
plex in man as other types of goiter can be recognized 


. for which the causes are poorly known. There is 


evidence that factors other than iodine deficiency may 
be important in the etiology of human goiter. Thus, 
Clements and Wishart (Metabolism, 5: 623, 1956) 
have shown that milk of cows fed on certain plants 
may contain goitrogens, which are probably re- 
sponsible for endemic goiter observed in certain areas 
of Australia (e.g., in Tasmania). 

High incidence of nodules has been reported in 
serially cut, clinically normal thyroid glands by 
Mortensen et al. (J. Clin. Endocrinol Metab., 15: 1270, 
1955). Thyroid nodules seem to be much more 
frequent than it was thought a few years ago. ‘Trac- 
ing of the factors responsible for these nodules is a 
complex enterprise since the nodules found at death 
may have been formed at any time during life, and 
may have persisted after the conditions which induced 
their formation were reversed. Indeed, in rats we 
found that nodules formed under conditions of iodine 
deficiency persisted when this condition was reversed 
by iodine supplementation (J. Nat. Cancer Inst., 23: 
675, 1959). 

Regarding the intrarenal mechanism by which 
sodium chloride induces heavy urinary losses of iodine, 
I think that impaired reabsorption by excess chloride 
may account for some of our results, but not for others, 
such as the effect of sodium bicarbonate and of vaso- 
pressin. The reabsorptive mechanism may be the one 
primarily involved, but clear-cut evidence is lacking. 

FLoyp SKE.LTon: As for Dr. Dahl’s paper, I wonder 
if the effect of sodium on the thyroid gland should not 
be considered also? Could it reduce thyroid uptake 
of iodine by increasing iodide excretion in the urine 
of the animals? Perhaps there is some degree of 
thyroid insufficiency. Could the hypercholesterol- 
emia have been on this basis? 

ARTHUR GROLLMAN: This comment is in reference 
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to the difficulty in rendering the dog hypertensive by 
feeding salt. Dr. Meneely showed some time ago 
that the amount of potassium in the diet certainly has 
great importance. I wondered if measurements were 
made of the potassium contents of the diets. Rat 
diets are lower in potassium than the dog diets since 
dogs usually get meat to eat. Is it possible that the 
high potassium intake of the dog protects it from be- 
coming hypertensive? It is hard to see why the dog 
should be immune to this process. I believe we can 
accept potassium depletion as being equivalent to 
feeding high sodium. We have made dogs hyper- 
tensive by depleting puppies of potassium, which 
suggests that by giving enough sodium we should be 
able to make them hypertensive. An experiment 
that might be worthwhile would be to dialyze the 
food given the dog to get rid of the potassium and the 
sodium, then add sodium to the food and see if this 
will produce hypertension. 

As regards the relationship between hypertension 
and atherosclerosis, there is a vicious cycle in the 
human, which is of significance clinically. If a 
patient has atherosclerosis which in turn affects the 
kidney with nephrosclerosis involving the smaller 
vessels of the kidney, we have the equivalent of the 
Goldblatt kidney and we should expect to get hyper- 
tension. If, on the other hand, we look upon hyper- 
tension as a vascular disease, we can understand why 
the hypertensive subject should be more prone to 
atherosclerosis. In actual practice what one sees in a 
patient who has had hypertension for a long time and 
lives long enough is that the patient has both athero- 
sclerosis and hypertension. There are two processes 
in a vicious cycle and both are usually present in the 
same patient. In the lower animals which are less 
prone to atherosclerosis you have a purer form of 
hypertension and less atherosclerosis; but in the 
human being you tend toward a combination. 

ARTHUR CorcoRAN: Regarding Floyd Skelton’s 
demonstration of less hypertension in the corticoster- 
oid rats given 2.5 per cent salt, do you get no hyper- 
tension in the rats on very little salt diet? If you 
remember, Gaunt claimed that in corticosteroid 
hypertension there was not only a wide variation 
from rat to rat but also it was independent of salt in- 
take within most ranges or within ranges that he 
studied. Masson also observed this. He could make 
rats hypertensive by giving them corticosteroids with- 
out large salt intakes. Do you find this? 

In some patients with severe hypertension and 
atherosclerosis, lipoproteins and cholesterols decrease 
if the patient’s blood pressure is decreased. It 
doesn’t matter how you decrease the blood pressure; 
whether it is done with one drug or the other, any- 
thing that decreases the blood pressure tends to drop 
the cholesterol and beta-lipoprotein level in the hy- 
pertensive patient (Ann. N. Y. Acad. Sc., 64: 620, 
1956). Is this a simple matter of diminishing plasma 
filtration through arterioles? Diminishing the blood 
pressure does not usually lessen the renal lesions they 


already have and may only prevent the progress 
rather than remit their critical disease. The associa- 
tion is with severe hypertension clinically. It has 
been taken up by Deming and others; our observa- 
tions and Schroeder’s with angiotensin were taken up 
by Ciba, but actually we found other agents equally 
as effective as Apresoline.® 

James Conway: It has become fairly apparent 
that salt is a nephrotoxic agent in the manner in 
which it is being used; therefore, I think it important 
that the elevation in lipids be shown to be the results 
of proteinuria or a specific effect of the salt. Have 
you any data on plasma protein levels? If the eleva- 
tion of phospholipids or cholesterol is the result of the 
nephrotic syndrome this would occur only after a 
depression of serum protein. 

Lewis Dau: To Dr. Skelton’s question relative 
to hypothyroidism: Until this morning I had been 
interpreting salt-feeding to the contrary. There are 
some very interesting data in the Japanese literature 
relative to the effect of salt feeding not producing 
hypothyroidism but hyperthyroidism or at least in- 
creasing the metabolic rate. Originally I became 
interested in the Japanese while reading, in a mono- 
graph on perspiration, that some northern Man- 
churians ate in excess of 40 gm. of salt a day during 
the winter, which is most of the year, in the belief 
that it kept them warm (Kuno, Y., Human Perspira- 
tion, p. 268. Springfield, Ill., 1956, Charles C 
Thomas). Ogata et al. (Japanese J. Physiol., 2: 
303, 1952) observed that the daily ingestion of up to 
50 to 60 gm. of sodium chloride significantly increased 
the basal metabolic rate of young Japanese men; 
Maeda (Bull. Res. Inst. Diath. Med., Kumamoto Univ. 
8:4, 1958) explored these findings using in vitro 
technics and observed that salt feeding enhanced the 
QO: of liver and muscle slices from rats and rabbits. 

Relative to Dr. Grollman’s question as to whether 
the dogs could be ingesting higher potassium than the 
rats and thereby getting more protection. I suppose 
this is possible but dietary analysis indicates that both 
rat and dog diets contain approximately the same 


_ per cent potassium. 


To Dr. Corcoran: I think the question relative to 
hypertension primarily elevating plasma lipids is not 
really settled. I am sure you are aware of the mas- 
sive review of the world literature that Waris did a 
few years ago (Acta med. Scandinav., Suppl. 337, 161: 
79, 1958), from which it was concluded that the 
problem was unsettled. My own personal evidence 
is derived from the Japanese we studied in Hiro- 
shima several years ago, some of whom had high 
blood pressures with no elevation in plasma lipids. 

To Dr. Conway: We have not measured plasma 
proteins in our animals. We have not had the 
nephrotic syndrome. Histologically we do not seem 
to see any difference between the animals with eleva- 
tion in cholesterol and those without. Nonetheless, 
I do think it is fair to say that we cannot rule out some 
much more subtle factor in the kidney. 
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Some Observations on the Role of Added 


Supplements of Sodium and Lithium in the 
Pathophysiology of Corticoid and 
Metacorticoid Hypertension in the Rat’ 


CHARLES E. HALL, pH.p. and Octavia HALL, M.sc. 


INCE THE discovery that certain adrenal cor- 
S ticoids are capable of causing hypertension 
which, together with the associated vascular 
aberrations, is aggravated by increasing sodium 
intake,~* much interest has centered upon the 
role of this cation in various forms of clinical 
and experimental hypertensive disease. This 
was given further impetus by the findings of 
Sapirstein,®> Meneely,® Koletsky,’ and others, 
that sodium chloride alone, if chronically con- 
sumed in sufficient quantity, caused hyper- 
tensive cardiovascular disease. 

The type and distribution of vascular lesions 
caused in the rat by sodium excess cannot be 
distinguished from those produced more rap- 
idly by simultaneous treatment with sodium 
surfeit and desoxycorticosterone acetate (DCA). 
On the other hand, the complete elimination of 
sodium from the diet protects the rat from the 
cardiovascular effects of steroid overdosage.*® 

These data, collectively, indicate that sodium, 
or some aspect of its metabolism, may be the 
protagonist in the genesis of these experimental 
forms of hypertensive cardiovascular disease, 
a conclusion supported by the findings that 
DCA hypertension is minimized or prevented 
by agents which facilitate renal excretion of 
sodium or retard its absorption in the gut. 

Lithium chloride was considered useful in 
the treatment of hypertensive patients on a low 
sodium diet until its toxic effects became ap- 
parent. Fregly® has shown that adrenalec- 
tomized rats demonstrate no appetite for 
lithium chloride (LiCl), and that the elec- 
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* From The Carter Physiology Laboratory, University of Texas, Medical Branch, Galveston, Texas. 
by Grants H-2703 and H-4327 from the United States Public Health Service. 


trolyte fails to protect against adrenal insuf- 
ficiency. However, Duliere!° demonstrated that 
LiCl could be substituted for NaCl in frog heart 
perfusion media. Radomsky et al." noted that 
the simultaneous administration of DCA failed 
to infiuence the serum electrolyte profile, serum 
lithium levels or lithium toxicity in dogs fed 
LiCl. Thus, although Li can replace Na in 
some biologic processes it cannot in others. 
Because of the close chemical relationship be- 
tween the cations, it seemed of value to ascertain 
what effect the substitution of LiCl for NaCl 
would have on the course of DCA overdosage 
in the uninephrectomized rat. 

The third experiment herein reported deals 
with another aspect. Recently we have re- 
ported that it is possible to produce hypertensive 
cardiovascular disease in hypophysectomized 
rats by DCA and NaCl.” It was of interest 
to determine whether this condition was de- 
pendent upon continued administration of 
steroid and salt, or whether a true “‘self-sus- 
tained” or metacorticoid hypertension could 
be developed and sustained in the absence of 
added dietary sodium. 


MATERIALS AND METHODS 


In the first experiment forty-two female Holtzman rats 
weighing 90 to 110 gm. were uninephrectomized and 
divided into four groups. Group 1, containing 
eleven animals, received a solution of LiCl to drink 
and 1 mg. per day of a microcrystalline DCA sus- 
pension subcutaneously; group 2, ten animals, 
received LiCl] solution only; group 3, eleven animals, 
received NaCl drinking fluid and 1 mg. per day of 
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Fic. 1. Group average daily fluid consumption of 
DCA-treated and untreated rats consuming LiCl] or 
NaC] solutions. This figure is reproduced by permission 


of the editor of Laboratory. Investigation. 


DCA; and group 4, ten animals, received only the 
NaC] solution. 

The solutions were given ad libitum. The initial 
concentration of each solution was 0.85 per cent of 
the salt, but the rats drank almost none of the 
LiCl solution and lost weight. Hence, the con- 
centration of both electrolyte solutions was progres- 
sively decreased until, by the fifteenth day, they were 
reduced to 0.05 per cent; at which level normal 
growth of those drinking LiCl was resumed. Purina 
laboratory chow was fed ad libitum. Body weight was 
taken weekly and 24 hour fluid intake measured 
periodically. Blood pressure of unanesthetized 
animals was measured by tail plethysmography or by 
a microphonic method; pressures exceeding 150 
mm. Hg systolic were interpreted as reflecting hy- 
pertension. The experiment was terminated on the 
thirty-ninth day and various tissues were removed for 
weight and histologic examination. 

The second experiment used slightly smaller female 
rats (80 to 90 gm). These were uninephrectomized 
and divided into four groups. Group 1 contained 


nine animals, each of which received 1 mg. per day ~ 


DCA and 0.05 per cent LiCl solution ad libitum; 
group 2 contained nine animals on the same steroid 
dosage, but given distilled water to drink. The 
amount ingested was restricted to that which animals 
of group 1 voluntarily consumed. Group 3, eight 
animals, received the same steroid treatment and 
distilled water ad libitum, group 4, six animals, re- 
ceived only distilled water ad libitum. Purina labo- 
ratory chow was freely available at all times. Blood 
pressure and body weight were periodically measured 
as previously indicated and the experiment was 
terminated on the twenty-eighth day. Organs and 
tissues were taken for weight and histologic examina- 
tion. In both experiments vascular lesions were 
arbitrarily graded on a 0 to 3 scale and the severity 
was recorded as the aggregate figure expressed as a 
percentage of the possible maximum. 
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Fic. 2. Group average of blood pressure of rats receiv- 
ing NaCl and LiCl with and without concurrent ad- 
ministration of DCA. 


RESULTS 


EXPERIMENT 1 


In the first experiment, animals receiving 
LiCl each consumed 15 to 35 cc. per day of the 
solution. Rats given DCA consumed no more 
than untreated rats, and neither group increased 
intake as the experiment progressed. Intake 
of NaCl solution in untreated rats was also 
relatively stable during the experiment, but at a 
slightly higher level of 20 to 50 cc. per rat per 
day. Steroid treatment increased intake to 
between 30 to 140 cc. per rat per day, the low 
figure representing early consumption and the 
large, the greater intake later in the experi- 
ment. Fluid intake is given in Figure 1. 

Blood Pressure: All animals treated with DCA 
became hypertensive and to about the same 
degree, regardless of whether LiCl or NaCl was 
being consumed. Animals on LiCl alone had 
slightly lower pressures than those on NaCl 
alone (Fig. 2). Growth appeared to be some- 
what retarded by LiCl, particularly when DCA 
was also given. 

There was a greater mortality among DCA- 
treated rats receiving NaCl than among those 
receiving LiCl. Five of the eleven animals cn 
NaCl died during the course of the experiment, 
whereas only one of eleven on LiCl succumbed. 

Organ Weights: The adrenal weight of animals 
treated with DCA and NaCl was less than that 
of NaCl-treated control rats. No such dif- 
ference was evident when glands from LiCl 
and LiCl plus DCA animals were compared. 
In contrast to rats receiving DCA plus NaCl, 
LiCl alone caused no adrenal hypertrophy; 
animals treated with it did not exhibit adrenal 
atrophy when DCA was superimposed. 
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TABLE I 


Effect of Drinking LiCl and NaCl Solutions with and without Simultaneous Desoxycorticosterone (DCA) 
Administration in the Rat 


Group and Treatment 
Data 
1 2 3 4 
(LiCl + DCA) (LiCl) (NaCl + DCA) (NaCl) 
No. rats 
Initial 11 10 11 10 
Final 10 9 6 10 
Body weight (gm. ) 
Initial 99 + 2° 103 +2 99 +1 102 +2 
Final 17447 194 +4 202 + 3 21144 
Organ weight (mg./ 
; 100 gm. body 
weight) 
Adrenal 39.642.3 38.2+0.8 32.9241.9 
Thymus 244 + 14 225 +9 182 + 11 195 + 10 
Heart 465 + 15 326 +5 461 + 10 308 + 5 
Kidney 1226 + 32 883 + 28 1176 + 41 907 + 39 
Vascular lesions 
Heart 
% Incidence 100 0 83 0 
% Severity 57 0 39 0 
Kidney 
% Incidence 100 0 100 0 
_ J Severity 80 0 66 0 
Panarteritis ft 
Incidence 70 0 33 0 
% Severity 40 0 17 0 


* Weights given with standard error of the mean. 
Pancreatic and mesenteric. 


The hearts and kidneys were both enlarged 
in DCA-treated hypertensive rats, and to the 
same degree in those receiving LiCl as in those 
which had received the NaCl solution. 

There was no clear-cut effect of any form of 
treatment on the weight of the thymus. 

Vascular Lesions: The hearts, kidneys and 
sections from the pancreatic and mesenteric 
vascular beds were examined microscopically. 
Nephrosclerosis was slightly more severe in 
DCA-treated animals receiving LiCl than in 
those receiving NaCl, with about the same 
percentage incidence. The same was true of 
cardiac myocarditis and/or vascular necrosis. 
Both incidence and severity of periarteritis 
were greater in hypertensive animals which 
had received LiCl than in those treated with 
NaCl (Table 1). 


EXPERIMENT 2 


In the second experiment, response -to . LiCl 
and DCA was somewhat different. The ani- 
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mals were slightly smaller than in the first 
experiment and it was evident that four animals 
grew well, whereas five others did not. The 
former became hypertensive and the latter 
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SYSTOLIC PRESSURE mm. Hg 


3 
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Fic. 3. Group average systolic pressure of rats treated 
with DCA and either LiCl solution, limited water intake 
or unlimited water intake, and of untreated control 
rats. 
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TABLE II 


Effect of DCA on Body and Organ Weight, Blood Pressure and Vascular Pathology of Rats Drinking LiCl or Distilled 
Water 


Treatment 


Desoxycorticosterone 


Control 


LiCl 


Water 
Water 


Ad libitum 


(ad libitum) 
Ad libitum 


No. rats 
Normotensive 
Hypertensive 


Body weight (gm. ) 
Initial 
Final 


Organ weight (mg./100 gm. 
body weight) 
Adrenals 
Thymus 
Heart 
Kidney 


36.9+1.4 

278 + 15 
442 + 14 
1025 +9 


Vascular lesions 
Heart 
% Incidence 
% Severity 
Kidney 
% Incidence 
% Severity 
Panarteritis 
% Incidence 
% Severity 


47,7 
210 + 40 
350 + 10 
840 + 20 


32.6 +0.8 
242 +6 

436 + 10 
1239 + 28 


36.0+1.2 
223 x 11 
322 + 8 

881 + 21 


4.7 #1.3 
267 + 19 
423 + 11 

+35 


* All weights given with standard error of the mean. 
t Pancreatic and mesenteric. 


remained normotensive. This was not related 
to fluid intake but may have been related to 
lithium retention. Animals receiving DCA and 
drinking distilled water became hypertensive, 
development in those with restricted intake 
was somewhat slower at first, but ultimately 
reached comparable elevations of blood pres- 
sure. Animals not receiving steroid remained 
normotensive (Fig. 3). 

Organ Weights: Animals receiving DCA and 
ad libitum water had smaller adrenal glands 
than did control rats, but this was not the case 
in those with limited intake. The adrenal 
glands of hypertensive animals receiving LiCl 
and DCA were of normal weight; those from 
normotensive animals on the same regimen were 
enlarged. The weights were expressed as a 
percentage of body weight. 

Hearts and kidneys of hypertensive animals 


were greatly enlarged as compared to those of 
nontreated control rats or normotensive animals 
receiving LiCl and DCA. The thymus weight 
did not vary among groups. 


Vascular Lesions: There was no evidence of 
periarteritis in any of the animals, perhaps be- 
cause this experiment was of shorter duration 
than the preceding one, with the consequence 
that hypertension was of lesser magnitude and 
shorter duration. 

Nephrosclerotic lesions were present in all 
hypertensive animals regardless of the type of 
fluid ingested, and were also observed in the 
kidney of one animal ingesting DCA and LiCl 
in which elevated pressures had never been re- 
corded. Severity did not appear to differ greatly 
between the three hypertensive groups. 

Cardiac vascular lesions appeared to be more 
numerous and severe in hypertensive rats re- 
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ceiving LiCl or unlimited water intake than 
in those whose fluid had been restricted 
(Table m). 


EXPERIMENT 3 


Method: In this experiment female rats weighing 
120 to 140 gm. were used. Group 1 consisted of 
eleven animals which were hypophysectomized, uni- 
laterally nephrectomized and had two 30 mg. pellets 
of DCA implanted subcutaneously. Group 2 also 
contained eleven animals which were similarly hy- 
pophysectomized, but uninephrectomy and im- 
plantation of two 30 mg. pellets took place 8 days 
later to allow a period of postoperative pituitary, 
and hence adrenal, insufficiency. Group 3 consisted 
of seven animals whose hypophysis was incompletely 
removed and which were otherwise treated as in 
group 2. Group 4 consisted of eight animals with 
pituitary intact but subjected to uninephrectomy. 
All animals received a drinking solution containing 
0.85 per cent NaCl and 5 per cent sucrose and a 
diet of Purina laboratory chow ad libitum. 

Blood pressures were measured and assessed as in 
the previous experiments. 

The DCA pellets were removed on the eighty-ninth 
day of the experiment and NaCl supplementation of 
the drinking water was discontinued on the one 
hundred forty-fifth day. The animals were killed 
with ether on the one hundred eighty-first day. 

Results: Hypertension developed in animals 
treated with DCA. This was most severe in the 
group in which the pituitary had not been en- 
tirely removed. There was no difference in re- 
sponse between groups 1 and 2. Hypertension 
also developed during the experiment in half of 
the intact group receiving NaCl supplementa- 
tion without steroid treatment. 


Removal of steroid was followed by a slight 


reduction, but not to normotensive levels, in 
blood pressure which was most evident in the 
incompletely hypophysectomized animals. This 
was followed by a gradual increase in blood 
pressure. Withdrawal of NaCl supplement did 
not significantly affect the severity of hyper- 
tension, either in hypophysectomized animals 
with metacorticoid hypertension or in the intact 
rats which had become hypertensive on the 
high NaCl intake. The blood pressure findings 
are given in Figure 4. 

At autopsy no remnants of pituitary tissue 
were found in hypophysectomized animals, 
which, taken together with the lack of growth 
and development of the coarse guard hairs in 
the pelage which is thought to be an even more 
sensitive index of residual pituitary activity,” 
indicates that complete removal of the pituitary 
was achieved. 
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Fic. 4. Group average systolic pressure of groups of 
rats. Incompletely hypophysectomized and completely 
hypophysectomized groups were treated with DCA and 
NaCl, intact controls only with NaCl. Neither with- 
drawal of hormone nor of saline drinking fiuid abolished 
hypertension in animals which became hypertensive 
through treatment. 


COMMENTS 


The results of the experiments on the effects 
of lithium chloride would indicate that the salt 
is capable of preventing the induction of hyper- 
tension by DCA when its toxic effects are suffi- 
cient to inhibit growth. When growth is not in- 
hibited hypertensive cardiovascular disease de- 
velops as severely as in animals which consume 
either a like concentration of NaCl solution or 
distilled water. 

The first experiment clearly indicated that 
DCA does not lead to increased ingestion of 
lithium-containing fluid. Despite ingestion of 
small quantities of electrolyte and volumes of 
solution, hypertensive cardiovascular disease 
was as severe as in DCA-treated animals which 
consumed several times as much NaCl solu- 
tion. From this it may be inferred that the 
volume of fluid consumed, although great in 
animals on NaCl, had little effect on the steroid- 
induced hypertensive disease, and that the 
polyuria so evident in rats receiving DCA and 
NaCl is largely the result of the polydipsia and 
should not to be ascribed to renal pathology. 

One might also suppose that Li was even more 
effective than Na in sensitizing to DCA ef- 
fects. However, the second experiment clearly 
revealed that distilled water was just as ef- 
fective as LiCl solution. It would seem, then, 
since it is known that DCA fails to cause hy- 
pertensive cardiovascular disease in rats on a 
sodium-free diet,® that the sodium in the com- 
mercial ration was sufficient at the hormone 
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dosage used to induce hypertensive cardio- 
vascular disease, and that additional salt, 
either LiCl or NaCl, was essentially noncon- 
tributory. It is known that whereas added 
NaCl potentiates DCA effect at low hormone 
dosage it does not necessarily do so when large 
amounts are given.’ 

The adrenal involution caused by DCA in 
animals receiving NaCl or distilled water is not 
apparent in animals receiving DCA and LiCl. 

Experiments in the hypophysectomized ani- 
mal clearly demonstrate that not only corticoid 
hypertension but also a true metacorticoid hy- 
pertension can develop in such animals, treated 
with DCA and NaCl. The effects upon organ 
weight and vascular pathology are given else- 
where.!* Thus, it appears that metacorticoid 
hypertension is not only independent of high 
NaCl intake but also of the hormones of the 
pituitary gland and those endocrine glands 
which are completely controlled thereby. The 
experiment provides no basis for the belief 
that metacorticoid hypertension might be due 
to steroid-induced adrenal hypofunction, the 
vascular system being thereby sensitized to 
normal corticoid levels resumed when steroid 
is withdrawn.'® However, the possible role 
of aldosterone, the secretion of which may be 
largely independent of ACTH, remains to be 
elucidated. 

Hypertension also developed in many animals 
not treated with steroid but receiving a high 
NaCl intake. This was not reversed by with- 
drawal of NaCl supplement. Hypertension 
here cannot be called metacorticoid, inasmuch 
as it was not induced by hormone treatment. 
Like metacorticoid hypertension, however, once 
established it persists after the evocative stimulus 
is withdrawn. The term metanatric hyperten- 
sion might well be applied to this disorder. 


SUMMARY 


Rats treated with DCA and drinking a solu- 
tion of LiCl had hypertensive cardiovascular 
disease of a severity as great or greater than that 
in animals receiving DCA and NaCl solution, 
although they consumed only a third to a quar- 
ter as much electrolyte and solution. A second 
experiment showed that LiCl sometimes caused 
stunting of growth in smaller DCA-treated 
animals. These failed to become hypertensive, 


whereas those which grew did. At the dosage 
used, hypertensive cardiovascular disease caused 
by DCA was equally severe when no NaCl was 
added to the diet. 


Hall and Hall 


Hypertension following treatment with DCA 
and NaCl developed in hypophysectomized 
rats. The disorder developed in many intact 
rats on the same NaCl regimen which were not 
treated with steroid. Neither withdrawal of 
DCA and NaCl in the first instance, nor of 
NaCl alone in the second, led to normaliza- 
tion of blood pressure. It is concluded that 
metacorticoid hypertension can develop in the 
hypophysectomized rat, and that a sustained 
hypertension following prolonged NaCl ex- 
cess develops in the intact rat. In each case 
withdrawal of sodium excess was without ef- 
fect on the hypertensive state. 
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The Enhanced Hypertensogenic Effect of 
Sea Salt over Sodium Chloride’ 


Lewis K. DAHL, M.D. and MARTHA HEINE, B.A. 


Upton, New York 


E ROLE of ingested table salt (sodium 
chloride) in human hypertension has been 
subjected to extensive investigation in our 
laboratory.'~* Other investigators have used 
excessive salt intake to induce experimental 
hypertension in the chick,'° the rabbit" and the 
rat.!2-3 In all of these studies interest centered 
primarily on the sodium ion. 

Several years ago'* we became interested in 
the possibility that the sodium effect might be 
potentiated by additional elements. This ques- 
tion arose on considering the historic role of 
this ancient food condiment and preservative, 
the purification of which has evolved differently, 
so that even today there are wide variations in 
the purity of sodium chloride used by various 
peoples. Further impetus to exploring the role 
of additional ions was obtained in 1958 from a 
study of hypertension among the Japanese in 
whom the disease is common,’:!® average salt 
consumption is high,'* and the salt, derived by 
processing sea water, is often relatively impure.'® 

The present paper deals with the question 
‘fare there elements which potentiate the hy- 
pertensogenic effect of sodium?’ The answer 
is affirmative. It is based on chronic salt feed- 
ing experiments with rats, some of which were 
fed sodium chloride while the others were fed 
what was thought to be the most naturally 
diversified mixture of elements available, 
namely, sea salt. 


EXPERIMENTAL METHODS 


Details may be found in the original papers. !7:18 

Animals and Food: All animals were Sprague- 
Dawley female rats. “Sea salt colony 1’ consisted of 
thirty-seven animals, of which twenty-five were salt- 
fed and twelve were controls; ‘“‘sea salt colony 1” 
had seventy-six animals, of which twelve were con- 
trols. Animals were kept in air-conditioned rooms 
with from two to six animals per cage with free access 


to drinking (tap) water and food. Control animals 
received unmodified Ralston Purina fox chow pellets, 
which contained 0.50 to 0.75 per cent NaCl by analy- 
sis. The salt-fed animals received the same chow to 
which one of two supplementary sodium-containing 
salts was added by the manufacturer according to our 
specifications, so that the final concentration of NaCl 
approximated 8 per cent by weight. 

In one diet (8 per cent NaCl food) the supplemen- 
tary salt was sodium chloride: our analyses indicated 
an average of 8.1 per cent NaCl. The other diet 

“‘sea-salt food’) had 11.6 per cent “‘sea-salt” added, 
an amount which had been calculated to give a final 
sodium concentration equal to that in the 8 per cent 
food; our analyses, however, showed this food to con- 
tain an average of 7.3 per cent NaCl. The manufac- 
turer of this special sea salt{ stated that it was ob- 
tained by evaporating sea water and drying at an air 
temperature of 1100°r. A comparison of the composi- 
tion from data obtained by analysis at Brookhaven 
with that received from the manufacturer is sum- 
marized in Table 1. No significant differences are 
apparent between the two analyses for the ions present 
in larger concentrations; however, differences were 
found among some of the others: strontium, copper, 
lithium, manganese, molybdenum, nickel, zirconium, 
silicon and tin were in significantly higher concentra- 
tions according to the Brookhaven analysis whereas 
boron, aluminum and fluorine were significantly lower 


than the corresponding analyses supplied by the manu- 


facturer. 
Regimens: ‘The twenty-five salt-fed members of 
“sea salt colony 1’ received the unmodified chow 
from weaning to the age of 2'/, months when they 
were started on the food containing sea-salt. This 
was continued throughout the ensuing 14 months 
when eighteen salt-fed animals remained alive. Sea 
salt colony m was started 11 months after sea salt 
colony 1 when it had become evident that the sea salt 
feeding regimen not only was hypertensogenic but that 
it probably was more so than sodium chloride. Of 


t We are indebted to the Trace Elements Corporation, 
Houston, for sufficient sea salt (‘Admiral Brand Trace 
Element Sea Salt’’) to initiate these experiments. 


*From the Medical Research Center, Brookhaven National Laboratory, Upton, New York. This work was 
supported by the United States Atomic Energy Commission. 
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TABLE I 
Analysis of Sea Salt 


Analysis by Analysis by 

Constituent Supplier * Ourselves 

(parts per million)|(parts per million) 
Chlorine 50.5% 48.2% 
Sodium 27.5% 28.1% 
Magnesium 3.4% 3.03% 
Carbon 2.7% Not done 
Sulfur 1.83% Not done 
Potassium 1.13% 1.0% 
Calcium 0.86% 2.0% 
Bromine 1,580 Not done 
Strontium 220 1,000 
Iron 100 100-200 
Boron 97 +t 
Aluminum 55 + 
Fluorine 35 <5 
Copper 20 500 
Rubidium 5 
Lithium 3 50 
Iodine 2.5 <5 
Barium 1.5 
Nitrogen 0.3-20 
Arsenic 0.3-0.6 + 
Phosphorus 0.3 <5 
Zinc 0.15 
Manganese 0.03-0 .03 50-100 
Lead 0.11 
Selenium 0.11 + 
Cobalt ., 0.001-0.1 
Cesium 0.06 + 
Uranium 0.04 
Molybdenum 0.013 100 
Thorium 0.013 
Silver 0.009 + 
Vanadium 0.009 
Lanthanum 0.009 sk 
Yttrium 0.009 + 
Nickel 0.003 80-100 
Scandium 0 0112 + 
Mercury 0.0009 + 
Gold 0.0002 
Zirconium Not reported 300 
Silicon Not reported 300 
Tin Not reported 300 


* Approximate analysis supplied by Trace Elements 
Corp., Houston, Texas. 

t+ = None detected, or too low to measure by spectro- 
graphic analysis. 


the sixty-four salt-fed members of this colony, thirty- 
six were fed the ‘‘sea-salt food’”’ and twenty-eight the 
“8 per cent NaCl food” beginning at 1 month of age 
and thereafter for 13 months without change. At 
this time, twenty-seven sea-salt and nineteen NaCl- 
fed animals remained alive. 

Food Consumption and Weights: This was measured 
in from six to twenty animals from each group for 3 to 
30 consecutive days (most commonly about twenty 
animals for 4 successive days); in order to maximize 
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variation, different cages of animals on the same regi- 
men were studied from month to month. The weight 
of powdered pellets, offered in special cups, consumed 
during a 24 hour interval constituted the measure- 
ment. ‘This was expressed as grams per rat per day. 

All animals were weighed at the time blood pres- 
sure measurements were taken, usually at monthly 
intervals. 

Blood Pressure: Measurement and values. The method 
of Friedman and Freed" was used with the modifica- 
tions described.” The graphs in this paper which 
include control mean (and standard deviation) blood 
pressure data are based on our total experience over 
the last three years with nearly 100 female Sprague- 
Dawley rats on precisely the same control regimen. 
Successive monthly measurements on control animals 
up to 21 months of age have not shown systolic pres- 
sures consistently in excess of 130 mm. Hg. Therefore, 
we have regarded a systolic pressure regularly in ex- 
cess of 140 mm. Hg as “hypertension,” a value which 
generally exceeds the control mean by between one 
and two standard deviations. The value of 180 mm. 
Hg, which exceeds the control mean systolic pressure 
by almost five standard deviations, is a level which 
will drastically shorten life expectancy with the salt- 
feeding programs used in these studies. 

Ordinarily blood pressures were recorded at 
monthly intervals. For technical reasons, no measure- 
ments were made on sea salt colony 1 from the fifth 
through the eighth month of age. Respiratory tract 
infections occasionally occurred in individual ani- 
mals and under such circumstances, measurement of 
blood pressure was omitted for that month. 


RESULTS 


Sea Salt Colony J: The hypertensogenic po- 
tential of the sea-salt food is evident from Figure 
1. From our previous experience the incidence 
and degree of hypertension seemed significantly 
greater in this group which had been fed sea- 
salt than with similar animals on NaCl feeding. 

Sea Salt Colony 11: The mean pressure of the 
group fed sea salt was consistently higher than 
that of the NaCl-fed group (Fig. 2). The 
difference became marked after 12 months on 
the experimental program, at which time the 
incidence of systolic blood pressures in excess of 
180 mm. Hg (a level which will shorten life 
expectancy drastically) became particularly 
striking in the group on sea salt by comparison 
with the NaCl-fed group (Fig. 3). At this time 
from.30 to 40 per cent of the animals on sea salt 
had such pressures in contrast to only 5 to 10 per 
cent of those on NaCl. The increase in mean 
pressure of the group on sea salt at 12, 13 and 14 
months as well as the increased prevalence of 
pressures above 180 mm. Hg at these times were 
all statistically significant (probability levels 
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Fic. 1. Effect of 11.6 per cent sea salt food on blood pressure of female rats 
in ‘‘sea salt colony 1.” Dashed line through 140 mm. Hg indicates level at 
which “‘hypertension” is considered to begin. No measurements on these 
salt-fed animals were made from the fifth through the eighth months, for tech- 
nical reasons. 
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Fic. 2. Effect of 11.6 per cent sea salt versus 8 per cent NaCl food on blood pressure in “‘sea salt colony u.”’ For dashed 
line at 140 mm. Hg see Figure 1. By “‘Student’s’’ ¢ test, the mean blood pressure at 12, 13 and 14 months was sig- 
nificantly higher in the group fed sea salt (at 12 months, ¢ = 3.16, p< .01; at 13 months ¢ = 3.45, p < .01; and at 14 
months, ¢ = 2.49, p < .05 > .01). 
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Fic. 3. Per cent of rats with systolic blood pres- 


sures in excess of 180 mm. Hg. Animals were 
given food containing either 11.6 per cent sea 
salt or 8 per cent NaCl. “Sea salt colony m” only. 
By the chi-square technic, the prevalence of 
this degree of hypertension was significantly 
greater in animals fed sea salt at 12, 13 and 14 
months (at 12 months, X? = 4.69, p < .05 > 
.01; at 13 months, X? = 6.68, p < .01; and at 
14 months, X* = 7.96, p < .01). 


ranged from less than 5 to less than 1 per cent). 

Average Weights and Food Consumption: Excess 
consumption of sodium chloride by the animals 
on the sea salt regimen cannot be invoked to 
explain the findings. In Figure 4 the average 
daily food consumption and average weight of 
both salt-fed groups is summarized graphically 
from which it can be seen that no significant 
differences could be detected. Furthermore, 
since chemical analysis (see Experimental 
Methods). had indicated that the NaCl food 
contained slightly more sodium chloride than 
the food with sea salt added, then with food con- 
sumption equal in the two groups, the animals 
fed sea salt probably had a slightly lower average 
sodium chloride intake. 


COMMENTS 


The important role of sodium chloride con- 
sumption has been well documented in varieties 
of experimental hypertension associated with 
the administration of desoxycorticosterone ace- 
tate,"° adrenal regeneration” and _salt-feed- 
ing.!°-18 In general the evidence has been in- 
terpreted to indicate that sodium was primarily 
involved. The current work implicates ions in 
addition to sodium. 

Selye”? has described an experimental syn- 
drome in rats associated with cardiac necrosis 
induced by desoxycorticosterone and various 
sodium salts. The degree of necrosis could be 
modified by the character of the anion. No 
data were presented to assess the possible effect 
of these anions on the hypertension presumably 
associated with this syndrome. 
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Fic. 4. Average daily food consumption and body 
weights of female rats on salt-feeding regimens compared 
with similar items for control animals. 


Trace Metals and Hypertension: The possible 
role of cations other than sodium in hypertension 
has been the subject of relatively infrequent in- 
vestigation. Schroeder, Perry and their asso- 
ciates*—*’ found that except for the ganglionic 
blocking agents, all known antihypertensive 
agents had ‘“‘an affinity for certain trace met- 
als.’ As a result, the hypotensive action was 
postulated to result from this metal-binding 
capacity. Measurements of urinary excretion 
and tissue concentrations of certain trace metals 
in hypertensive and normotensive persons sug- 
gested the possibility that trace metals might 
play a role in human disease, of which vana- 
dium, cadmium, lead and manganese were the 
most suspect in human hypertension. Recently, 
Schroeder”’ analyzed mortality rates in the 
United States from cardiovascular diseases (in- 
cluding hypertension) relative to the hardness of 
water in various areas, and concluded that there 
was something “associated with the nature of 
public water supplies which affects adversely 
the course of degenerative cardiovascular disease 
in the United States.” 

Chlorides and Hypertension: Orbison, Christian 
and administered intraperitoneally 
to bilaterally nephrectomized dogs solutions of 
NaCl or modifications of Locke’s solution and 
found that the complex cation-anion mixtures 
in the latter were more effective in causing 
hypertension as well as vascular disease than 
was the simple NaCl solution. Martini and 
Kaiser*® and Kaiser*! reported that both sodium 
and chloride were required for the pressor 
effect in clinical and experimental hypertension. 
The necessity for chloride in association with 
sodium has not been generally observed by 
ourselves or others.*® The current work does 
not indicate which ion or ions may contribute to 
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the augmented hypertensive response observed 
in these rats. If one compares the composition 
of the sea salt used in our study with that of the 
Locke’s solutions used by Orbison and asso- 
ciates, the two share the following ions (carbon, 
hydrogen and oxygen have been disregarded) : 
Na, K, Ca, Mg, Cl and P. While there is more 
chloride than sodium in sea salt on a molar 
basis, we are aware of no data which indicate 
that chloride per se is hypertensogenic. Meneely 
and Ball*? found that the addition of potassium 
(chloride) to diets decreased rather than in- 
creased the hypertensogenic effect of sodium 
chloride. In the syndrome which Selye re- 
ported,” the phosphate salt of sodium and some 
calcium salts enhanced the cardiac necrosis 
while magnesium (chloride) diminished it. 
It is possible that both phosphorus (as the phos- 
phate) and calcium served to enhance the toxic- 
ity of sea salt in the current work. 

While it would be intriguing to speculate on 
the possible role of the numerous trace ions in 
sea salt relative to the present findings, the 
paucity of facts negates its value. The four 
trace elements, which Schroeder suspected 
might be involved in human disease, cannot be 
ruled out as having played a role here since 
they were present in the sea salt. At the pres- 
ent juncture it seems fair to summarize by 
saying that from evidence now available, it 
is impossible to know whether these or other 
trace metals were involved. Insidious renal 
damage from some factor in sea salt cannot 
be eliminated as a cause of its enhanced hyper- 
tensogenic effect. It is unlikely that gross renal 
damage was brought about since blood urea 
nitrogen concentrations, determined at inter- 
vals, were with rare exceptions within normal 
limits. In addition, the continuing histologic 
and histochemical studies, which have been and 
are being made on these and other rats subjected 
to the same regimens, have not revealed signifi- 
cant differences between those animals which 
were fed sodium chloride and those consuming 
sea salt. 

Whatever the nature of the agent or the 
mechanism of its effect, sea salt apparently 
augments the hypertensogenic effect of sodium 
chloride. The data are insufficient to conclude 
that the findings have relevance to human hy- 
pertension although it seems permissible to 
speculate that they may. 


SUMMARY AND CONCLUSION 
For about 1 year rats were fed diets which 


contained an excess of either sea salt or sodium 
chloride. At the end of this period the hyper- 
tensive process in the group consuming sea salt 
was significantly more severe than in the group 
eating sodium chloride although the rats on sea 
salt probably ingested slightly less sodium 
chloride. The factor or factors involved in 
this incremental effect have not been identified. 
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Effect of Potassium Nitrate Solutions on 
Blood Pressure of Rats” 


MELVIN J. FREGLY, PH.D. 


Gainesville, Florida 


YPERTENSION CAN be induced in rats by 
H giving them diets rich in sodium chloride! 
or by giving them either isotonic” or hypertonic 
sodium chloride solutions* * as their sole drinking 
fluid. Vascular disease’:? and cardiac hyper- 
trophy* accompany the elevation of blood 
pressure. The rate of development of sodium 
chloride-induced hypertension appears to be 
increased by increasing the concentration of 
sodium chloride in the drinking water. Al- 
though these facts are well known, it cannot be 
stated with certainty that the sodium ion per 
se is responsible for the development of this 
type of hypertension. Therefore, it seemed 
worthwhile to test whether hypertension could 
be induced in rats by a salt other than NaCl, 
thereby testing the specificity of sodium chlo- 
ride in production of hypertension. To this 
end, solutions of potassium nitrate have been 
used. 


METHODS AND RESULTS 


Two separate experiments were performed, both 
using male rats of the Holtzman strain. The 
similarities of experimental procedure in the two 
experiments are as follows: All rats were kept three 


to a cage in a room illuminated from 8 A.M. to 6 ~ 


P.M. and maintained at a temperature of 26 + 1°c. 
The food given was Purina laboratory checkers. 
Drinking fluids were given in bottles of the type 
described by Lazarow.' ‘These consisted of nursing 
bottles with cast aluminum caps. Blood pressures 
were measured weekly using the microphonic 
manometer technic of Friedman and Freed, but 
without anesthesia.6 The rats were accustomed to 
the procedure of blood pressure measurement for 
1 week before the experiment began. During this 
period blood pressure was measured daily. 


EXPERIMENT 1 


Two groups of rats with five rats per group were 
used. At the end of a control period lasting 1 week, 


group 7 was given 0.15 M. KNO; as the sole drinking 
fluid (Fig. 1). At the end of the third experimental 
week, 0.25 M. KNOs replaced 0.15 M. KNOs. 
Treatment continued for 16 weeks. At the end of the 
nineteenth week, 0.30 M. KNOs was substituted for 
0.25 M. This group was maintained on 0.30 M. 
KNO; until the experiment ended 16 weeks later. 
Group 2 received tap water to drink during the first 
10 experimental weeks. At the end of the tenth 
week, 0.15 M. KNOQOs solution replaced the water. 
At the end of the thirteenth week, 0.25 M. KNO, 
solution was given in place of 0.15 M. ‘These rats 
received 0.25 M. KNOQ; solution until the end of the 
experiment. Concentrations of KNO; solution were 
increased gradually because previous experience with 
NaCl solutions had taught that rats given hypertonic 
concentrations often refuse to drink. ‘This occurred 
less often when the concentration was increased 
gradually. Blood pressures were measured weekly 
for each group of rats. 


Results: Mean systolic blood pressure of 
group 1 rose within a week after initiation of 
0.15 M. KNO, as the sole drinking fluid. 
Blood pressure increased from a mean level of 
145 to 155 mm. Hg. Blood pressure was main- 
tained at this higher level for 19 weeks in spite 
of the fact that the concentration of KNO, 
was increased to 0.25 M. at the end of the third 
experimental week. Blood pressure rose to 
levels in the vicinity of 160 mm. Hg within 3 
weeks after substituting 0.30 M. KNO, for 
0.25 M. KNO;. This latter blood pressure 
was maintained for the remainder of the 
experiment. 

Mean systolic blood pressures of group 2 
varied from 141 to 149 mm. Hg during the first 
10 experimental weeks while water was the sole 
drinking fluid. After substituting 0.15 M. 
KNO, for water at the end of the tenth week, 
blood pressure rose to approximately 155 mm. 
Hg. Substitution of 0.25 M. KNO, for 0.15 


* From the Department of Physiology, University of Florida, College of Medicine, Gainesville, Florida. Sup- 


ported by a grant from The American Heart Association. 
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SYSTOLIC BLOOD PRESSURE 
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Fic. 1. The effect of KNO; solutions on systolic blood 
pressure of rats. Group 7 (([)) received 0.15 M. KNO; 
as the sole drinking fluid at time indicated as 0 on the 
abscissa. After 3 weeks, 0.25 M. KNO; solution was 
substituted for 0.15 M. At the end of the nineteenth 
week 0.3 M. KNO, was substituted for 0.25 M. This 
group continued to receive 0.3 M. KNO, until the end 
of the experiment. Group 2 (@) received tap water to 
drink during the first 10 experimental weeks. At the 
end of the tenth week, 0.15 M. KNO, was substituted 
for tap water. Three weeks later 0.25 M. KNO; was 
substituted for 0.15 M. This group continued to receive 
0.25 M. KNO; until the end of the experiment. 


8 


M. KNO, at the end of the thirteenth experi- 
mental week was accompanied by a further 
slight rise to a mean systolic level of approxi- 
mately, 157 mm. Hg. Blood pressure was 
maintained at this level for the remainder of the 
experiment. 


EXPERIMENT 2 


This experiment was performed to repeat and 
extend the observations made in experiment 1. 
A total of sixteen rats were used. At the end of a 2 
week control period, eight of the rats were given only 
0.15 M. KNOs solution to drink. The concen- 
tration of the KNQ; solution was increased to 0.25 M. 
at the end of the fifth experimental week and to 
0.30 M. at the end of the tenth experimental week. 
These rats were maintained on 0.30 M. KNO; 
for the duration of the 28 week experimental period. 
The remaining eight rats received tap water to 
drink throughout the experiment. All rats were 
given the drinking fluids and Purina laboratory 
checkers ad libitum. Blood pressures and body 
weights were measured weekly. 

At the end of the twentieth week of the experiment 
the rats were placed in individual cages and given 
finely ground Purina laboratory checkers as food and 
their usual drinking fluid (either water or 0.30 M. 
KNO, solution). Fluid containers were the same 
as those used in experiment 1. Food containers 
have been described in detail in a publication dealing 
specifically with them.’ After allowing the rats 4 
days to accustom themselves to their new environ- 
ment, individual food and fluid ‘niakes were measured 
daily for 10 days. A sample of food was wet-ashed 
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Fic. 2. A, the effect of KNO; solutions on systolic 
blood pressure of rats. Treated rats ({_]) were given 0.15 
M. KNO,; solution as sole drinking fluid at time indi- 
cated as 0 on the abscissa. After 5 weeks 0.25 M. 
KNO,; solution was substituted for 0.15 M. Five weeks 
later 0.3 M. KNO; solution was substituted for 0.25 M. 
This group continued to receive 0.3 M. KNO; solution 
for the remainder of the experiment. Control rats (@) 
were given tap water to drink at all times during the 
experiment. +1 standard error is set off at the means. 
B, mean body weight of KNO;-treated and control ( @) 
rats throughout the experiment. Arrows indicate times 
when concentration of KNO; solution was changed. 


with concentrated nitric acid and analyzed in 
duplicate for potassium by flame photometry. The 
potassium content of the food was found to be 206 
mEq. per kg. The objective was to calculate the 
total potassium intake of the treated group. 


Results: Some results of this experiment are 
shown in Figure 2. Systolic blood pressure of 
the KNO;-treated group increased within 2 
weeks after initiation of 0.15 M. KNO, as the 
sole drinking fluid (Fig. 2A). No further ele- 
vation of pressure was observed after treatment 
with 0.25 M. KNO;. However, within 5 
weeks after initiation of 0.30 M. KNO;, blood 
pressures rose to levels of 160 mm. Hg and by 
the end of the experiment were 170 mm. Hg. 
Blood pressures of treated rats were significantly 
higher (p < 0.01) than control levels after the 
first experimental week. A single exception to 
this statement occurred during the eighth ex- 
perimental week when the difference between 
means was not significant. We have no ex- 
planation for the greater variability of blood 
pressure which occurred at this time. Control 
rats maintained a relatively constant blood 
pressure throughout the experiment. Mean 
systolic blood pressure levels varied from 142 to 
147 mm. Hg. 

Mean body weight of the two groups of rats is 
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TABLE I 


Ratio of Organ Weight to Body Weight (mg./100 gm. Body Weight) of Some Organs of the Rats in Experiment 


Mean Mg./100 gm. Body Weight 
No. | Body 

(gm.) Heart Kidneys Testis Adrenal | Thyroid | Thymus Vesicles Prostate 
Control 8 476 | 314.9 + | 756.3 + | 740.7 + | 13.4 + 8.7 = | 42.3 + | 141.8 + | 136.1 + 
6.0* 22.4 30.1 1.2 0.7 3.1 6.1 9.5 
(0.34f) | (<0.01) | (<0.01) (0.02) (0.14) (0.27) (0.95) (0.59) 
KNO;- 8 423 | 330.0 + | 966.2 + | 908.0 + | 20.0 + | 10.0 + | 50.6 + | 142.5 + | 126.7 + 
treated 13.9 ee 41.8 2.1 0.5 6.4 9.0 13.9 


* +1 standard error of mean. 
Probability value. 


shown in Figure 2B. Body weight of control 
rats increased slightly after an initial fall. 
Mean body weight at the end of the experiment 
was about 10 gm. greater than initial body 
weight. In contrast, body weight of the KNO;- 
treated rats fell during the course of the experi- 
ment. Body weight increased during the nine- 
teenth and twentieth week but decreased there- 
after to reach a level at the end of the experi- 
ment approximately 60 gm. below initial body 
weight. 

The food intakes of the two groups of rats 
measured during the twenty-first week of the 
experiment were: 4.1 + 0.3 (S.E.) gm. per 
100 gm. body weight per day for control rats 
and 4.2 + 0.2 gm. per 100 gm. body weight 
per day for KNO,-treated rats. The difference 
between means is not significant (P = 0.87). 
The fluid intakes were: 10.4 + 0.4 (S.E.) ml. 
per 100 gm. body weight per day for the control 
rats drinking water and 8.4 + 0.3 ml. per 100 
gm. body weight per day for the rats drinking | 
0.3 M. KNO;. The difference between these 
means is significant (p < 0.01). The latter 
rats were ingesting 3.4 mEq. K per 100 gm. 
body weight per day; control rats ingested 
0.84 mEq. per 100 gm. body weight per day. 
The treated rats ingested approximately four 
times as much potassium as did the control rats. 

Organ Weights: At the end of the experiment 
all rats were killed by ether inhalation and 
organs, including heart, kidneys, testis, adrenals, 
thyroid, thymus, seminal vesicle and prostate, 
were removed, blotted on filter paper and 
weighed on a torsion balance. 

Table 1 shows the weights of various organs of 
control and KNO,-treated rats removed at 
autopsy. Ratios of kidney weight to body 
weight, testis weight to body weight and 


adrenal weight to body weight were increased 
significantly (p < 0.01) by treatment with 
KNO;. The other organs of treated rats, 
including heart, thyroid, thymus, seminal vesi- 
cles and prostate, were not significantly changed 
from control values. 

Statistical analyses of the data were per- 
formed using the Student “‘t” test for the 
95 per cent confidence limit.® 


COMMENTS 


These studies represent preliminary observa- 
tions on the physiologic effects of KNOs solu- 
tions administered to rats in their drinking 
water. Systolic blood pressures of rats drinking 
this salt solution became elevated within 2 
weeks after treatment began. The maximal 
elevation of blood pressure occurred when 
0.3 M. KNO,; solution was given, although 
administration of isotonic KNO, solution also 
elevated blood pressure to a modest degree in 
both experiments (Fig. 1 and 2A). 

Role of Potassium: ‘The total potassium in- 
take during administration of 0.3 M. KNO; 
as the sole drinking fluid was fourfold greater 
than that of controls given tap water to drink. 
Total fluid intake of treated rats was 81 per 
cent of that of control subjects. The virtua! 
intake concentration of potassium (total po- 
tassium/total fluid times 1,000) for treated rats 
was 405 mEq. per L. while that for con- 
trol rats was 81 mEq. per L. Treated rats 
ingested potassium in a five-fold greater con- 
centration than control rats. While it is only 
possible to speculate concerning the mechanism 
of blood pressure elevation by KNO;, apparently 
the osmolar concentration ingested is a factor. 
Presumably this is a factor in the range of con- 
centrations from 0.23 to 0.3 M. since this 


THE AMERICAN JOURNAL OF CARDIOLOGY 


| | | 
3 
AS 
$3 
‘vis 
sath 
r 


Potassium Nitrate and Blood Pressure 735 


represents the upper limit of concentrating 
ability of the kidneys for potassium, sodium and 
chloride ions in both rats and man.°!? It is 
noteworthy that maximal elevation of blood 
pressure also occurred when 0.3 M. NaCl was 
given as the sole drinking fluid in earlier studies.” 
A greater yield of hypertension may then be 
induced in rats when the virtual intake con- 
centration of either sodium or potassium is near 
the limit of the kidney to concentrate these 
ions in the urine. Perhaps continued maximal 
work of the kidneys plays a role in the develop- 
ment of salt hypertension. 

A complete explanation of “‘salt’? hyperten- 
sion must also take into account the possibility 
that specific ions contribute to the production 
of hypertension. It would be difficult otherwise 
to explain why isotonic solutions of NaCl 
and KNO, are able to elevate blood pressure 
and to produce vascular lesions.’ 

Role of Nitrate Ion: It is also possible to 
speculate that the nitrate ion contributes in- 
directly to the elevation of blood pressure. 
Hiatt” observed that intravenous administra- 
tion of large doses of isotonic NaNO; over a 
period of 1 to 13 weeks was accompanied by 
lowered plasma chloride concentration, ele- 
vated plasma bicarbonate concentration, ele- 
vated blood pH and decreased plasma osmolar- 
ity in dogs on a low chloride diet. The condi- 
tions.of the present experiment were not the 
same as those of Hiatt; therefore, it can only be 
supposed that similar effects occurred. Ifso, the 
contribution of this altered acid-base balance to 
the elevation of blood pressure will need to be 
evaluated. 

Other Contributing Factors: Clues to other 
factors that may contribute to elevation of 
blood pressure in KNO,-treated rats are found 
in Table1. An increase in the ratio of organ to 
body weight of kidney, testis and adrenal were 
observed in KNO,-treated rats (Table 1). 
The increased kidney weight apparently re- 
flects the increased osmotic work to which the kidney 
was subjected and is similar in degree (30 
per cent increase) to that observed when the 
same concentration (0.3 M.) of NaCl is given 
to rats. 

The ratio of testis weight to body weight of 
treated rats increased 29 per cent above that of 
control rats. The same percentage increase in 
testis weight ratio was observed in rats given the 
same concentration of NaCl solution as their 
sole drinking fluid. It seems unlikely that 
this increase in weight resulted from an increase 
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in tissue water content since all tissues of the 
treated rats did not increase in weight (Table 1). 
The increased testicular weight is not accom- 
panied by increased testosterone secretion as 
assessed by increase of weight in the seminal 
vesicle and prostate gland. Weights of these 
organs of treated rats were not different from 
control rats (Table 1). The increased testicular 
weight may reflect increased secretion of gonado- 
trophic hormones (FSH) by the anterior pituitary 
gland. Whatever the mechanism involved 
in its increase in size, we are left with the 
interesting question: Does the increase in 
testicular size play a role in the development of 
salt hypertension? 

The increased ratio of adrenal weight to 
body weight of treated rats reflects increased 
secretion of adrenocorticotrophic hormone (ACTH) 
by the pituitary gland. Presumably, this arose 
as a result of undefined “‘stress”’ associated with 
the requirement to ingest a hypertonic KNO, 
solution. The thymus glands of treated rats 
did not show the decrease which characteris- 
tically accompanies an increase in glucocorti- 
coid output. This lack of effect could be 
attributed to the fact that such a response is 
more difficult to observe inolder rats inwhom the 
thymus is already small. Under the conditions 
of this experiment one might expect maximal 
sodium-retaining activity to be manifest by the 
adrenal gland with consequent increase in aldos- 
terone secretion accompanying the _ increased 
urinary sodium loss brought about by the nitrate 
ion.!* We cannot state at present whether the 
adrenal cortex plays a role in the elevation of 
blood pressure under these conditions. The 
answer to this must await further study. 

The ratio of heart weight to body weight of 
treated rats was larger than that of control rats 
but the difference between means was not 
significant (p = 0.34). Thus, the elevation of 
systolic blood pressure of the treated rats was 
not accompanied by a significant cardiac hyper- 
trophy. In this single respect, treatment with 
hypertonic KNO, differs from treatment with 
hypertonic NaCl. Further studies are in prog- 
ress to confirm this finding and to probe its 
significance. 

Toxic Side Effects: Administration of KNO, 
appeared to be accompanied by minimal toxic 
side effects. A gradual weight loss occurred but 
the rats continued to eat and to keep themselves 
clean. Greene and Hiatt also reported that 
there was no evidence of a severe toxicity in 
dogs given NaNO;. Their dogs became ano- 
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rexic only after blood chloride levels had 
dropped to 65 per cent of normal. 

Perhaps the concentration, time of adminis- 
tration, specific ion, renal concentrating ability 
and changes in acid-base balance all contribute 
to the elevation of blood pressure of salt-treated 
rats. The possibility of endocrine involvement 
further complicates the problem. Elucidation 
of the physiologic mechanisms by which KNO,; 
elevates blood pressure must await further de- 
tailed study. 


SUMMARY 


Administration of KNO, solutions to rats as 
their sole drinking fluid was accompanied by an 
elevation of systolic blood pressure. The maxi- 
mal elevation of blood pressure occurred when 
the rats were ingesting 0.3 M. KNO, solution, 
although even an isotonic solution elevated blood 
pressure to a modest degree. Treatment was 
accompanied by a gradual loss of body weight. 
Ratios of organ weight to body weight of kidneys, 
testis and adrenals were increased by treatment 
with KNO, while organ weight ratios of heart, 
seminal vesicles, prostate, thyroid and thymus 
were not affected. A similarity exists between 
the physiologic responses of rats treated with 
the same concentrations of NaCl and KNO;. 
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The Role of Potassium and Its Relation to 
Sodium in the Regulation of Blood Pressure’ 


S. CHARLES FREED, M.D. 


San Francisco, California 


GREAT AMOUNT of evidence has been of- 

fered to indicate that sodium has a pro- 
found effect on inducing elevated blood pressure 
levels. Other cations have been implicated in 
this regard, but it is only relatively recently that 
data have appeared to suggest that potassium 
may be a significant factor. Investigations from 
this Institute over a number of years have indi- 
cated not only that potassium is directly respon- 
sible for increasing blood pressure, but also that 
sodium, under certain conditions, may have a 
depressing effect. 

Initially, Rosenman and I fed rats synthetic 
diets containing varying amounts of sodium and 
potassium. To our surprise, in rats ingesting a 
diet rigidly restricted in potassiun marked and 
prolonged hypotension developed. This re- 
sponse was not obtained in rats fed a low sodium 
diet.. As a matter of fact, when rats were fed a 
diet low in both sodium and potassium, blood 
pressure levels were not lowered. It would ap- 
pear, therefore, that a decrease in dietary so- 
dium protects against the blood pressure de- 
pression induced by potassium deprivation. 

Naturally, it occurred to us that the hypoten- 
sion of potassium depletion might be a nonspe- 
cific effect due to nutritional causes. However, 
the injection of KCl solutions into such rats 
promptly elevated the blood pressure to normal 
levels, which would indicate the specificity of 
potassium in this response. 

An even greater lowering of blood pressure was 
observed when hypertensive animals were fed a 
potassium-free diet. Renal hypertensive rats 
became normotensive after several weeks on this 
diet. In such animals, blood pressures were 
promptly restored to hypertensive levels follow- 
ing replacement of potassium either by injection 
or in their drinking fluid.'' Similarly, rats made 
hypertensive by DCA administration were fed a 


low potassium diet and they, too, had a depres- 
sion of blood pressure. Incidentally, these rats 
were made hypertensive without the need of 
extra sodium chloride by using a method pre- 
viously described by us.? 


MECHANISMS OF BLOOD PREssURE LOWERING 
EFFECT OF PoTAsstUM DEPRIVATION 


Adrenal Insufficiency: In search for a possible 
mechanism to explain the blood pressure depress- 
ing effect of potassium deprivation, we con- 
sidered the possibility that this condition in- 
duced a suppression of adrenal steroid produc- 
tion. To test this hypothesis, ACTH and corti- 
sone were administered to normal and hyperten- 
sive rats whose blood pressures were lowered by 
the dietary procedure. Both ACTH and corti- 
sone induced a restoration to normotensive and 
hypertensive levels, respectively. These results 
suggested that an adrenal insufficiency could ac- 
count for blood pressure depression. However, 
this theory was abandoned after an analysis of 
adrenal vein blood of potassium deficient rats 
failed to show any diminution of hydrocortisone 
or corticosterone content. 

Loss of Arterial Tone: It was then postulated 
that potassium deprivation lowered blood pres- 
sure by removing potassium from the arterial 
wall, following which the smooth muscle lost its 
normal ability to contract, and this caused a loss 
of arterial tone. This deduction was considered 
reasonable since it had been previously observed 
that organs with smooth muscle, such as the 
bladder and intestine, are markedly distended in 
potassium deficient animals. This idea was 
tested by measuring the blood pressure response 
of potassium deficient rats to the intravenous ad- 
ministration of pressor agents such as norepi- 
nephrine and angiotensin. Our results demon- 
strated that such a response was approximately 


* From the Harold Brunn Institute, Mount Zion Hospital and Medica! Center, San Francisco, California. This 
work was supported by a grant from the National Heart Institute, National Institutes of Health (H-1006). 
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TABLE I 
Effect of Nephrectomy and Ureteral Ligation on Electrolytes and Blood Pressure of Normal and Hypertensive Rats 


ini Aorta Myocardium Skeletal Muscle Change 
Original in Blood 
Type of Rat BP. Na K Na K Na K Pressure 
(mm. Hg)| (mEq.- | (mEq.- | (mEq.- | (mEq.- | (mEq.- | (mEq.- (average) 
/kg.) | /kg.) | /kg.) | /kg.) | /kg.) | /kg.) | (mam. Hg) 
Normal 116 273 111 172 317 105 394 =< 
Normal, nephrectomy 112 236 100 168 289 126 385 —12 
Normal, ureteral tie 108 238 104 167 294 128 392 —6 
Hypertensive 186 280 131 161 294 100 379 pas 
Hypertensive, nephrectomy 192 266 110 167 298 127 408 —70 
Hypertensive, ureteral tie 184 270 126 177 296 124 413 —12 


* Fat-free dry weight. 


half that obtained in normal rats. This suggested 
that potassium depletion weakened the contrac- 
tility of arterial smooth muscle, a result not un- 
expected since potassium is an essential ingre- 
dient in the chemical process of muscle contrac- 
tion. 

More convincing evidence of this possible 
mechanism was made available through the in- 
vestigations of Tobian and his associates.* They 
found a significant increase in the potassium con- 
tent of the aorta of rats made hypertensive by a 
number of methods. They also reported an in- 
creased sodium content of this tissue. We were 
able to confirm the presence of an increased 
aortic potassium content but not that of sodium 
in renal hypertensive rats.4 These findings were 
considered by us to support the hypothesis that 
potassium was directly involved in increasing 
arterial tone, thus enhancing the peripheral 
resistance. 


BLoop PRESSURE AND SopiuM-PoTAssIUM RATIO 


Potassium-Sodium Ratio in Aorta: Since an al- 
tered renal function is a necessary or supplemen- 


concentration in the aorta. When normal and 
hypertensive rats were fed a low potassium 
diet, the fall in blood pressure to hypotensive 
and normotensive levels, respectively, was as- 
sociated with an equivalent decrease in the po- 
tassium content of the aorta (Table 1). Since 
the sodium content of this tissue remained ata 
constant level, it follows that the blood pressure 
levels varied inversely with the sodium-potassium 
ratio.® 
Manipulation of blood pressure levels sub- 
stantiated this relationship. Normal and renal 
hypertensive rats, whose blood pressures were 
lowered through potassium deprivation, were 
injected with cortisone and the blood pressures 
restored to previous levels. In the renal ligated 
rats, the aortic potassium content rose to the 
original high level, resulting in a diminution of 
the sodium-potassium ratio. In the normal rats, 


TABLE II 


Electrolyte Composition of Aortas of Renal Hypertensive 
Rats on Normal and Low K Diets 


tary condition for most of the methods used for 
experimental hypertension, we were interested i 4 

in observing the effect of nephrectomy on the i ogg sure} K Na K Na 
aortic electrolytes. It was found that in renal (mm. | (mEq.- | (mEq.-| (mEq.- | (mEq.- 
hypertensive rats, nephrectomy but not ureteral Hg) | /L.) | /L.) | /kg.) | /kg.) 
ligation caused a marked drop in aortic potas- 

sium content in association with a fall in blood Normal 114 


pressure to normotensive levels.’ It was con- 
cluded that the ischemic kidney secreted a 


$.2 146 111 273 
Hypertensive | 171 4.9 143 131 280 


Hypertensive 


low K 
substance responsible for the elevated aortic po- = 129 29 146 110 268 
tassium content as well as the increase in blood Normal on 
pressure (Table 1). lowKdiet | 82 | 2.8 144 94 | 263 


Further investigation revealed a correlation 
between blood pressure levels and potassium 


* Fat-free dry weight. 
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TABLE II 


Effect of Cortisone on Normal and Hypertensive Rats 
Fed a Low K Diet 


tion of blood pressure. Alpha-fluorohydrocorti- 
sone induced a loss of both sodium and potassium 
(no change in ratio) and no effect on blood pres- 
sure. DCA administration increased myocardial 


Aorta sodium and decreased the potassium content in 
association with a failure to restore blood pres- 
Type of Rat Blood K Na sure levels (Table 1v). A similar high sodium- 
Pressure | (mEq.- | (mEq.- potassium ratio in the myocardium is found in 
(mm. Hg) /kg.) /kg.) 

clinical and experimental congestive failure. It 
is most interesting that relief of this condition is 
often obtained by anti-inflarmat teroid 

After cortisone 106 98 225 ey ee 

Hypertensive K-de- therapy. 

ficient 129 110 268 Increased Aorta Sodium Content and Blood Pressure 
After cortisone 174 © 127 263 Depression: In still another condition, we were 


cortisone did not alter the lowered aortic potas- 
sium content, but caused a significant lowering of 
the aortic sodium content, similarly resulting in 
a smaller sodium-potassium ratio (Table 11). 
In this manner, we have demonstrated that the 
shift in the sodium-potassium ratio in the aorta 
is in the opposite direction to the blood pressure 
change. 

Sodium-Potassium Ratio in Myocardium: Re- 
cently, St. George and I reported that low blood 
pressure levels of potassium depletion are as- 
sociated with a high sodium-potassium ratio in 
the myocardium.’ In such rats with hypoten- 
sion, this ratio is elevated mainly through a sig- 
nificant increase in myocardial sodium content, 
and only a slight decrease in potassium, in con- 
trast to the aorta where the low potassium and 
normal sodium content also elevates this ratio. 
The administration of several adrenal steroids 
induced changes in the myocardial electrolytic 
pattern as well as blood pressure. Cortisone and 
prednisone induced a loss of sodium with restora- 


able to demonstrate the inverse correlation be- 
tween the sodium-potassium ratio in the aorta 
and blood pressure level. As is well known, 
adrenalectomy reduces the blood pressure level 
of hypertensive animals, except in special situa- 
tions. In our experience, renal hypertensive rats 
became normotensive following removal of both 
adrenals and maintenance on 0.9 per cent saline 
drinking fluid. Analyses of the aortas revealed 
that the potassium content remained at the origi- 
nal elevated values. However, the sodium con- 
tent increased appreciably in these animals, re- 
sulting in a high sodium-potassium ratio.’ The 
administration of prednisone, which restored the 
blood pressure to hypertensive levels, reduced 
the sodium content of the aorta so that the cation 
ratio returned to the original low values (Table 
v). These findings may possibly explain the so- 
called “‘permissive” action of the adrenal cortex 
in the maintenance of hypertension. 

At this point, it would seem appropriate to of- 
fer a tentative explanation of the blood pressure 
depressing effect of an increased aortic sodium 
content. If one is permitted to assume that a 


TABLE IV 
Effect of Adrenal Steroids on Blood and Myocardial Electrolytes in Hypotensive Rats 


Serum Myocardium 
Original B. P. 
Description of Rats B. P. Response 
(mm. Hg) | (mm. Hg) K Na K | Na 
(mEq./L.) | (mEq./L.) | (mEq./kg.) 
Normal control 114 112 5.5 144 317 172 
Low K 82 80 3.6 141 303 216 
Low K + cortisone 80 106 3.8 140 296 174 
Normal + cortisone* 116 122 5.4 145 323 171 
Low K + prednisone 84 108 3.5 146 301 173 
Low K + 9a-fluorohydrocortisone 78 82 3.7 143 273 193 
Low K + DCA 82 76 2.8 140 264 246 


* Normal rats injected with prednisone, 9a-fluorohydrocortisone and DCA had similar values. 
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TABLE V 


Effect of Adrenalectomy on Aorta Electrolytes in Hyper- 
tensive Rats 


Adrenalecto- Control 
mized Aorta Aorta 
Type of Rat 
K Na | B.P.| K Na | B.P. 
Normal 107 | | 104 | 111. |.273 | 112 
Hypertensive 138 | 304 | 128 | 133 | 269 | 186 
Hypertensive + 
cortisone 140 | 258 | 178 | 137 | 263 | 192 


relative increase in tissue sodium signifies hydra- 
tion, there may be justification in concluding 
that with the increase in cellular water the con- 
tractile elements become relatively diluted. This 
dilution might well interfere with the force of 
smooth muscle contraction and thus diminish 
arterial tone. This interpretation of ‘‘water- 
logging” is opposed diametrically to that offered 
by other investigators who suggest that this ef- 
fect induces increased peripheral resistance 
though narrowing of the lumen. 


COMMENTS 


There are numerous reports which are not in 
harmony with our concept of the role of potas- 
sium and the influence of the sodium-potassium 
ratio of vascular tissue on blood pressure regula- 
tion. Neither is it our intention to imply that 
the blood pressure can be calculated from the 
sodium-potassium ratio of the aorta. However, 
under any given experimental condition in which 
a shift in sodium-potassium ratio is induced, we 
are quite certain that we can predict the direc- 
tion of change in the blood pressure level. It 
would appear, therefore, that the sodium-potas- 
sium ratio of vascular tissue has a considerable 
effect on circulatory dynamics. 


SUMMARY 


Results of our investigations suggest thatgpo- 
tassium has a dynamic role in the regulation of 
blood pressure, as evidenced by the positive cor- 
relation between arterial content of potassium 
and the level of blood pressure. This relation- 
ship is influenced, however, by the content of 
sodium in arterial tissue. Thus, a relative ex- 
cess of sodium depresses blood pressure, possibly 
through hydration of the arterial smooth muscle, 
the resulting dilution of contractile elements 
diminishing arterial tone. This explanation 
could account for our findings that the sodium- 
potassium ratio of arterial tissue uniformly shifts 
in opposite direction to the change in blood pres- 
sure level. 
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Autoregulation of Blood Flow in 


Peripheral Vascular Beds" 


WENDELL N. STAINsBy, sc.D. and EUGENE M. RENKIN, PH.D. 


Gainesville, Florida 


of blood flow refers to 
the phenomenon whereby changes in per- 
fusing pressure of a tissue or organ produce 
relatively small changes in blood flow. This 
autoregulation of blood flow is accomplished 
in the tissue or organ and requires neither 
neural nor vascular connections to the rest of 
the animal. It is characterized by an increase 
in resistance to blood flow after an increase in 
perfusion pressure and a decrease in resistance 
to blood flow after a decrease in perfusion pres- 
sure. This is in direct opposition to passive 
vascular beds in which an increase in perfu- 
sion pressure produces a decrease in vascular 
resistance presumably as a result of passive 
distention of the resistance vessels. Under 
these conditions a decrease in perfusion pres- 
sure produces an increase in resistance to blood 
flow because of elastic recoil which produces a 
passive decrease in mean resistance vessel radius. 

The, phenomenon was first described for the 
hind limb by Bayliss! in 1902 but has been largely 
ignored until fairly recently. Much atten- 
tion has been given to autoregulation of blood 
flow in the kidney. With one exception the 
investigators have observed the phenomenon 
and have been concerned with its cause. The 
exception is the work of Langston, Guyton and 
Gillespie? who have reported that autoregula- 
tion is an artifact which appears only in a 
damaged kidney. Other areas have received 
less attention. It has been reported for brain 
and the gut and in the hind limb of the cat 
and dog, particularly by Folkow.?+ 

The experiments presented herein are from 
studies on single groups of skeletal muscle. 
They indicate that autoregulation of blood 
flow is a regular and characteristic property of 


Washington, D. C. 


skeletal muscle and approaches in degree that 
described for the kidney. A detailed descrip- 
tion of the transient and steady state pressure- 
flow relationships will be presented in an at- 
tempt to point out some of the possible mech- 
anisms involved. 


METHODS 


The studies were performed on dogs of from 7 to 
41 kg. of body weight anesthetized with pento- 
barbital, chloralose, urethane or diallylbarbituric acid 
intravenously or intraperitoneally with additional 
doses if needed. The animals were warmed by 
radiant heat to keep rectal temperature at approxi- 
mately 37°c. Coagulation was prevented with 
heparin or polyanhydromannuronic acid sulphate 
(Manuronate®). Two muscle groups were used in 
these studies, the gracilis and the gastrocnemius- 
plantaris muscles. 

The gracilis preparation was pump-perfused after 
isolation of the arterial and venous circulations. 
Venous outflow was measured by a drop counter and 
recorded via an inverted ordinate writer. Two per- 
fusion systems were used. In one the perfusion 
pressure was regulated and flow was the dependent 
variable. In the other blood was displaced by oil 
under high pressure producing a pulseless, constantly 
flowing perfusion. Perfusion pressure was the de- 
pendent variable measured. 

The gastrocnemius-plantaris preparation was per- 
fused after isolation of the blood supply by the animal’s 
own blood pressure. The actual perfusion pressure 
of the muscle was regulated from zero to the animal’s 
full blood pressure by a small Starling resistance by- 
pass between the femoral artery and vein in the 
contralateral leg as shown in Figure 1. When 
the Starling resistance is connected to one pres- 
sure reservoir the other could be pre-set at any 
desired pressure. Turning the stopcock is all that 
was required to produce an instantaneous change in 
perfusion pressure of the muscle group. The per- 
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Fic. 1. Bypass apparatus for regulation of the perfusion 
pressure to the gastrocnemius-plantaris muscles in situ. 
SR is the Starling resistance connected between the fem- 
oral artery and vein of the right leg. C is a screw 
clamp. Leads V; and V2 are the pressure reservoir 
bottles. S is the stopcock for connecting one or the other 
pressure bottle to the Starling resistance. R is a record- 
ing rotameter, and P is a pressure transducer. N is the 
sciatic nerve (cut in this preparation). FRom: Stainsby, 
W.N. and Renkin, E.M. Autoregulation of blood flowin 
resting skeletal muscle. Am. J. Physiol., 201(1): 117, 
1961. 


fusion pressure was measured by a Statham pressure 
transducer. The blood flow was measured by a 
rotameter. 


RESULTS 


The data to be presented were derived from 
approximately fifty experiments equally divided 
among the three muscle preparations: the in 
situ constant pressure perfusion, the pump- 
perfused constant pressure perfusion and the 
pump-perfused constant flow perfusion. All 
three preparations were studied innervated 
and acutely denervated. Although there were 
quantitative differences between one prepara- 
tion and another even within each group, the 
qualitative relationships were similar. 

Response to Sudden Changes in Perfusion Pressure 
or Flow: When the pressure of the blood per- 
fusion in either skeletal muscle group was sud- 
denly raised the blood flow followed the pattern 
exemplified in Figure 2A. First there was a 
sudden rise in blood flow (a), followed by a more 
gradual rise (b), which was in turn followed by 
a gradual fall toward the original flow level 
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Fic. 2. Experimental records showing vascular reactions 
to sudden changes in pressure and flow. A, response to 
a sudden increase in mean perfusion pressure (Experi- 
ment H-12 gastrocnemius, 62 gm. in situ bypass per- 
fusion). B, response to a sudden decrease in perfusion 
pressure. C, responses to sudden changes in blood flow 
(Experiment G-14, gracilis, 38.7 gm., constant flow 
pump perfusion). For full explanation see text. FRom: 
Stainsby, W. N. and Renkin, E. M. Autoregulation of 
blood flow in resting skeletal muscle. Am. J. Physiol., 
201(1): 117, 1961. 


(c). The converse occurred when the pressure 
was suddenly lowered (Fig. 2B). The entire 
cycle required from 1 to 2 minutes for com- 
pletion in resting muscle. Pressure changes as 
small as 10 mm. Hg in either direction were 
sufficient to produce detectable changes of the 
type shown. Completely analogous transient 
changes were observed in the muscles per- 
fused by the constant flow apparatus (Fig. 
2C). When the flow was suddenly increased, 
perfusion pressure rose quickly (a), fell tran- 
siently (b), and then rose to a higher, steady 
level (c). Small vascular responses were ob- 
served after changes in pressure or flow of short 
duration, 1 to 5 seconds. ‘These observations 
are similar to those reported by other investiga- 
tors who have studied autoregulation of blood 
flow. 
These characteristic responses to changes in 
pressure or flow were present in all the self- 
perfused preparations and persisted until the 
experiments were terminated. Most of the 
pump-perfused muscles showed this vascular 
reactivity to pressure changes. Others lost 
their reactivity spontaneously after periods of 
time varying from a few minutes to 2 hours. 
Under these circumstances or when the vascular 
reactivity was deliberately abolished by the 
addition of chloral hydrate to the perfusion 
reservoir, 1 to 2 mg. per milliliter of blood, a 
sudden alteration of perfusion pressure or flow 
brought about a direct change of flow or pres- 
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Fic. 3. Active and passive pressure-flow curves in a de- 
nervated gracilis muscle artificially perfused with blood. 
Experiment P-24, hematocrit 60 per cent and muscle 
weight 10.5 gm. Perfusion pressure was pulsatile, with 
pulse pressure about a third the mean. Steady state 
flows while the vascular bed was reactive to sudden 
changes in mean perfusion pressure (0.110 min. of per- 
fusion) are indicated by open circles and the solid curve. 
The broken curve designated 1 was taken after spon- 
taneous loss of vascular reactivity (150 to 175 minutes). 
The curve marked 2 was produced by the addition of 
0.01 wgm. norepinephrine per milliliter blood (180 to 
215 minutes); on return to blood with no norepineph- 
rine added, the curve became almost identical to 1. 
Curve 3 was observed after addition of 2 mg. per milli- 
liter chloral hydrate to the blood (370 to 288 minutes) 
and curve 4 on subsequent addition of 0.15 ugm. per 
milliliter ‘norepinephrine (292 to 313 minutes). FRom: 
Stainsby, W. N. and Renkin, E. M. Autoregulation of 
blood flow in resting skeletal muscle. Am. J. Physiol., 
201(1): 117, 1961. 


sure to a new steady level. The pressure flow 
relations in these nonreactive preparations 
were as described before: an increase in per- 
fusion pressure or flow was followed by a reduc- 
tion in resistance to flow, and a decrease in 
perfusion pressure or flow was followed by an 
increase in resistance to blood flow. 

Regulation of Blood Flow: In both the inner- 
vated and the acutely denervated preparations 
which show this vascular reactivity to pressure 
change, the steady state blood flow (end of phase 
c) changes relatively little over a wide range 
of perfusion pressures. This we have defined 
as autoregulation. A typical steady state pres- 
sure-flow curve is illustrated in Figure 3. 
Below 40 mm. Hg, the curve for this gracilis 
muscle is concave to the pressure axis probably 
due to the development of critical closure phe- 
nomena. Above 140 mm. Hg, the curve is con- 
vex to the pressure axis probably because the 
maximum contracting force of the vascular 
smooth muscle is exceeded and they begin to be 
distended by increasing pressure. In between 
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Fic. 4. Steady state and transient pressure-flow curves 
in a reactive vascular bed compared with a passive pres- 
sure flow curve. Experiment P-21, gracilis, 9.9 gm., 
denervated, artificially perfused with blood:hemato- 
crit 44 per cent. The vascular bed was reactive for 185 
minutes of perfusion. The open circles represent the 
steady state pressure-flow relation; the crosses, the 
maximum: flow rates observed transiently on suddenly 
raising the perfusion pressure from 60 to 62 mm. Hg to 
the indicated values. (In one case, the minimum flow 
on lowering pressure is indicated.) Flow then fell from 
these maxima to the steady state level indicated by the 
circle directly beneath each cross. The fully dilated, 
passive pressure flow curve (closed circles) was obtained 
by addition of 1 mg. per milliliter chloral hydrate to the 
blood. Each point on it was reached directly on chang- 
ing the perfusion pressure. From: Stainsby, W. N. and 
Renkin, E. M. Autoregulation of blood flow in resting 
skeletal muscle. Am. J. Physiol., 201(1): 117, 1961. 


these limits, the curve is relatively linear with 
some scattering of the points which is especially 
apparent in innervated muscles as a result of 
changing vasomotor nerve activity. Also shown 
is a series of passive pressure flow curves ob- 
served in the same preparation after spon- 
taneous disappearance of the vascular response 
to pressure change. The different levels of 
vascular tone were produced by addition of 
norepinephrine, chloral hydrate, or both to the 
perfusing blood. It is evident that the auto- 
regulated curve follows none of these. It is 
interesting to note that norepinephrine is very 
effective as a vasoconstrictor when vascular 
reactivity to pressure change is absent. 

Relation of Transients to Autoregulation: As 
seen in Figure 2, the flow does not move im- 
mediately to its new steady state value after 
a sudden elevation of perfusion pressure, but 
goes through a cycle in which a large transient 
increase in flow is observed. Starting at one 
point of reference on the steady state curve and 


PASSIVE / 
10 
8 
‘ ‘ 
Fd ‘4 
4 
$ 
x 
oy 
~ 
» 
7 
= 
gre 


744 Stainsby and Renkin 


/ 
/ PASSIVE 


CONSTANT 
RESISTANCE 


BLOOD FLOW 


AUTO- 
REGULATED 


PERFUSION PRESSURE 
Fic. 5. Diagram of the mechanics of changes in blood 
flow following a sudden elevation of perfusion pressure 
in a reactive vascular bed. For explanation, see text. 
From: Stainsby, W. N. and Renkin, E. M. Autoregu- 
lation of blood flow in resting skeletal muscle. Am. J. 
Physiol., 201(1): 117, 1961. 


increasing the perfusion pressure by varied 
steps, we observed that the maximal transient 
flows fall along a straight line having a much 
steeper slope than the steady state curve (Fig. 4). 
The slope approaches that of the passive curve, 
which in the example illustrated, was pro- 
duced by adding chloral hydrate to the blood 
reservoir. The same relationship between 
maximal transient flows and the passive pres- 
sure-flow relationship was observed when auto- 
regulation disappeared spontaneously in other 
experiments. The position of the maximal 
transient curve is shifted along the pressure 
axis, according to its point of origin on the steady 
state curve. The maximal transient curve 
originating from zero pressure and flow is 
generally superimposed on the passive curve 
obtained from the same muscle group. Min- 
imal transient flows observed on lowering per- 
fusion pressure from a reference point on the 
steady state curve fell on a curve below and 
nearly parallel to the steady state curve. These 
relationships are very similar to those presented 
by Thurau and Kramer’ and Waugh and 
Shanks® for the kidney, and by Johnson for 
the intestine.’ 


COMMENTS 


Mechanics of the Transient Response: The 
successive events following a sudden rise in 
perfusion pressure may be described in a some- 
what idealized fashion as follows: Assuming 
that a finite time is required to bring about 


measurable distention of the vessels, one would 
expect the vascular resistance immediately after 
the pressure rise to be unchanged. The flow 
rate at the end of the initial fast rise in flow 
(a in Fig. 2A) should lie on a straight line drawn 
through the pressure flow point prior to the 
pressure elevation and the origin of the pres- 
sure flow plot. This is illustrated diagram- 
matically in Figure 5. The flow rises along a 
line of constant resistance to point a. Having 
reached point a (Figs. 2A and 5) the vessels 
then distend toward elastic equilibrium with 
the raised internal pressure bringing about a 
further increase in flow (b in Figs. 2A and 5). 
The maximal transient flow should be on a 
curve determined by the purely passive dis- 
tensibility of the vessels in their original state 
of tonus (Fig. 4). The third phase of the tran- 
sient response consists of a return toward the 
original flow level. Since this occurs even 
though the increased internal pressure is 
maintained, we believe it must result from an 
active contraction of vascular smooth muscle. 
This contraction establishes the final steady 
state flow level (the end of phase c, Figs. 2A 
and 5) at the new pressure by increasing vas- 
cular resistance above that which existed at the 
low pressure. Complete separation of the suc- 
cessive events does not actually occur. For 
example, the passive changes in flow are some- 
what diminished by the onset of contraction of 
smooth muscle and consequent increase in 
vascular resistance. The transient changes in 
flow following a sudden fall in perfusion pres- 
sure follow the same pattern in reverse (Fig. 
2B). Similarly, the transient changes follow- 
ing a sudden alteration in flow can be ex- 
plained by the same sequence of events. 
Physiologic Mechanism Leading to Contraction 
of Smooth Muscle: Autoregulation of blood flow 
is the result of the third phase of the transient 
response, the contraction of the vascular smooth 
muscle. Over the years at least four different 
theories have appeared to explain autoregula- 
tion. The first to appear was proposed by 
Bayliss! who believed that the phenomenon was 
due to contraction of the smooth muscle as a 
direct response of the smooth muscle to stretch. 
The response begins and operates within the 
smooth muscles, hence the term myogenic was 
used. The second was proposed by Kinter 
and Pappenheimer® for the kidney who believed 
that the phenomenon resulted from changes in 
vascular resistance derived from red cell skim- 
ming. The skimming in combination with the 
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alinear hematocrit-viscosity relationship make 
this a tenable theory. The third theory, pro- 
posed for the kidney, states that autoregula- 
tion is the result of increased tissue pressure in 
the kidney. The fourth theory states that 
blood flow is regulated by a metabolically 
linked stimulus. 

The easiest of these theories to eliminate is 
that concerning red cell skimming. Good 
autoregulation has been seen when perfusing 
with cell free perfusate. ® 

Waugh and Shanks*® have also shown that 
autoregulation occurs more quickly than changes 
in tissue pressure in the kidney. As a result 
they believe the two phenomena are unrelated. 
The gut and skeletal muscle which lack cap- 
sules and are not observed to exhibit sig- 
nificant tissue pressure changes with altera- 
tions in blood: flow in the autoregulated flow 
range, particularly when perfused with blood, 
would seem tobe tissues in which the tissue 
pressure theory is even more untenable. 

The myogenic theory of autoregulation is at present 
generally accepted and the response is in line 
with the general contraction of smooth muscle 
in response to stretch. This theory, with its 
positive feed-back whereby an increase in pres- 
sure provokes an increase in resistance to flow 
and hence a possible further increase in pres- 
sure and so.on, would seem to be a very in- 
triguing state of affairs to those interested in 
the genesis of hypertension. 

However, the observation that vascular resist- 
ance increases after an increase in perfusing 
pressure rather than simply returning toward 
a fairly constant resistance, independent of 
pressure level, can only occur if the radius of 
the resistance vessels is reduced at higher pres- 
sure or that fewer vessels are open. In either 
case the radius and therefore the circumference 
of the vessels responsible for the increased re- 
sistance must be smaller at higher pressures, 
and direct extension of their muscular walls 
as required in the simplest interpretation of 
the myogenic hypothesis cannot be the stimulus 
for the sustained contraction. 

If stretch of some part of the vascular wall 
is the stimulus for contraction of vascular smooth 
muscle, it must operate on a receptor which 
does not contract itself, but which in some 
manner transmits to the smooth muscles the 
stimulus to contract. This receptor may be 
located within the vascular smooth muscle in 
series with the muscle cells, or in another part 
of the vascular bed. If its location were distal 
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to the resistance vessels concerned with the 
autoregulation response, it would be ideally 
suited for keeping pressure constant in the post- 
resistance vessels. As far as we know, there 
is no direct evidence for the location of such 
receptors in any particular part of the vascular 
bed, if they exist at all. 

Folkow® has recently affirmed his view that 
arteriolar vasoconstriction is a direct myogenic 
effect. He explained the apparent paradox 
of maintained stretch stimulation of shortened 
smooth muscle cells in terms of a population 
of asynchronous, rhythmically contracting areas 
in the resistance vessels. If the stretch during 
relaxation determines the frequency of con- 
traction, and hence the fraction of time a 
given arteriole is constricted, an increase in 
over-all vascular resistance should result from 
a higher internal pressure. This vasomotion 
which is so apparent in skin and mesentery is 
not readily apparent in muscle; however, 
aside from this, we can think of nothing defi- 
nitely supporting or contradicting the view. 

Metabolic Stimulus: The final possibility to 
be considered is that autoregulation of blood 
flow is maintained by a metabolic stimu- 
lus. It is well established that blood flow 
is varied in accordance with changes in me- 
tabolism of skeletal muscle as exemplified by 
active and reactive hyperemia. Either the 
smooth muscles themselves may be sensitive 
to the concentration in their environment of 
Oz, COz, H* or a more complex metabolic 
product, or they may be activated indirectly 
by receptor cells sensitive to such substances. 
All that is required is that the substance be con- 
sumed or produced in the tissue in proportion 
to its metabolism. The observation of vascular 
responses after pressure changes of only 2 to 
3 seconds’ duration seems to be evidence 
against the metabolically linked stimulus. It 
is hard to imagine a significant change in the 
concentration of a metabolite in so short a 
time (especially since blood flow seems relatively 
insensitive to experimental changes in con- 
centrations of most metabolites). However, 
this observation does not definitely preclude 
such a mechanism. 

The difficulty of explaining autoregulation 
of blood flow by a mechanism linked to tissue 
metabolism is brought out even more clearly 
in the case of the kidney in which the blood 
flow relative to metabolism is much higher 
(20) than in skeletal muscle and yet the auto- 
regulatory changes take place more quickly. 
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Fic. 6. Transient and pressure flow data from gastrocnemius-plantaris muscle group resting, innervated and acutely 
denervated, and during contractions, one per second. B is a pressure and flow record from Experiment P-102 resting 


innervated or denervated. 


C shows the steady state pressure flow curves from a different experiment; @—@ = resting innervated, X—X = 
resting acutely denervated, and @—@® = during muscle contractions. 


The easy way out, of course, is to say that the 
mechanism of autoregulation does not have to 
be the same in the two organs. 

A thought that occurred to us was that if a 
metabolically linked stimulus were responsible 
for autoregulation of blood flow, one might 
expect that the range of blood flows within 
which autoregulation is observed would be 
altered by changing the level of metabolism. 
This possibility was put to test using the self- 
perfused preparation of the gastrocnemius- 
plantaris muscles. Autoregulation was studied 
with the preparation innervated, acutely de- 
nervated and then during continuous stimula- 
tion of the sciatic nerve with single shocks once 
per second. The stimulation increased oxygen 
uptake approximately sevenfold. The _ pres- 
sure-flow data from two of these experiments 
are presented in Figure 6. In Figure 6B are 
seen the transient cycles typical of resting muscle. 
Figure 6A shows the transient flow responses 
during stimulation of the same muscle. Good 
autoregulation is evident at a slightly higher 
blood flow, but the striking change is in the time 
required for completion of the transient cycle. 
Where resting muscle requires 1 to 2 minutes 
for completion of the transient cycle, the con- 
tracting muscle completes its cycle in less than 
20 seconds. The steady state pressure flow 
curves on the right are from a different experi- 


A is the pressure flow record from the same experiment during muscular contractions. 


P = pressure. Q = flow rate. 

ment, one in which the increase in blood flow 
during the contractions was larger. The degree 
of autoregulation during the contractions is 
essentially the same as when the muscle was at 
rest. One notes also the lack of difference be- 
tween the innervated and denervated curves of 
the muscle at rest. 

Bradykinin and Hyperemia: Active and re- 
active hyperemia have been proposed by Hilton 
and Lewis’? to result from the production in the 
tissue of a vasodilator substance, bradykinin. 
This fairly complex polypeptide is produced in 
direct proportion to the metabolic rate of the 
tissue. Increased production of the substance 
during activity and resultant increased metabo- 
lism has been proposed as the cause of active 
hyperemia. Accumulation of the substance 
during periods of vascular occlusion produces 
reactive hyperemia. The kinetics of the tran- 
sient responses at rest and during activity, as 
well as the change in the autoregulated flow 
level, can be accounted for on the basis of this 
hypothesis. A sudden rise in perfusion pres- 
sure produces an increase in blood flow and 
washes away the dilator which results in vaso- 
constriction. A sudden decrease in perfusion 
pressure produces a decrease in flow which 
results in an increase in concentration of the 
dilator substance and vasodilation. All the 
same explanations fit the responses to sudden 
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flow changes using the constant flow apparatus. 
At higher metabolic rates the substances are 
produced at a proportionately higher rate and 
this combined with a more uniform distribution 
of flow causes the more rapid transients and the 
higher level of autoregulated blood flow. 

All this is hypothetical and may be an over- 
simplification. The metabolic link to auto- 
regulation seems clear for muscle. How it may 
work in the kidney remains to be seen. One 
very interesting question that is left unanswered 
by this hypothesis is the source of the original 
vasoconstriction which is overridden by the 
metabolically linked dilator stimulus. In other 
words, why is resting blood flow as low as it is? 
The traditional source of vasoconstrictor tone, 
the nerves, seem to play a relatively unim- 
portant role. Perhaps the basic vasomotor tone 
is myogenic. It is easier to say that circulating 
substances are the cause, but if so it would seem 
that the catecholamines are suspect, since 
passive vascular beds seem to respond well to 
injected catecholamines. Why should they 
cease to respond to those already present in the 
blood? Again this may be an oversimplification. 
Perhaps some other blood-born substance is re- 
sponsible. Finding the answers to these ques- 
tions may be pertinent to the genesis of hyper- 
tension. The answers will certainly have 
profound effects on concepts of regulation of 
peripheral circulation. 


SUMMARY 


Blood flow through the vascular beds of in- 
nervated and acutely denervated gastrocnemius- 
plantaris and gracilis muscles of dogs was 
studied following sudden changes of perfusing 
pressure or blood flow. ‘These vascular beds 
exhibited autoregulation of blood flow. When 
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the muscle was contracting intermittently the 
degree of autoregulation was equal to that of 
resting muscle but at a higher level of blood 
flow. The level of blood flow which was 
autoregulated was relatively proportional to the 
metabolic rate. It appears that the auto- 
regulation phenomenon is linked to the metab- 
olism of the muscle. 
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Effect of Dietary Sodium:Potassium Ratio 
on Body Content of Sodium and 


Potassium in Rats’ 
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TOXIC EFFECTS of increased dietary 
sodium chloride have been reported and 
include hypertension, renal damage and short- 
ened life span.1~* In experiments using albino 
rats, increased dietary potassium afforded some 
protection against the toxicity of sodium chlo- 
ride.4 Rats fed high levels of both sodium and 
potassium chloride lived longer and had less 
severe hypertension than did rats on equivalent 
levels of sodium chloride without added po- 
tassium. Experimental hypertension in an- 
imals has frequently been associated with in- 
creased tissue content of sodium and we have 
reported significant increases in sodium space 
in rats fed increased levels of dietary sodium 
chloride.’ In view of these findings it seemed 
possible that the protective action of increased 
dietary potassium against sodium chloride tox- 
icity might be associated with changes in tissue 
concentrations of sodium and potassium. Ex- 
changeable body sodium and potassium and 
tissue concentrations of these elements were 
measured in rats fed different amounts of sodium 
and potassium chloride. 

The present investigation consisted of meas- 
urements of sodium space, exchangeable body 
sodium, exchangeable body potassium and 
tissue concentrations of sodium and potassium 
in rats receiving various levels of dietary sodium 
and potassium chloride. Increases in body 
sodium without measurable decreases in po- 
tassium content were observed in rats fed large 
amounts of sodium chloride. Rats fed these 
same amounts of sodium chloride with in- 
creased dietary potassium had normal amounts 


of body sodium but increased concentrations 
of potassium. 


METHODS 


Thirty day old male albino rats of the Sprague- 
Dawley strain were placed on the experimental diets 
and kept in a constant temperature room (27 + 2°c.) 
with free access to distilled water. All animals re- 
ceived the same nutritionally complete purified basal 
diet, the composition of which has been described.! 
The only variable was the amount of NaCl and KCI; 
the concentrations which were fed are listed in 
Tablet. Sufficient K was added to diets high in NaCl 
to maintain a fairly constant Na:K ratio of approxi- 
mately 1.¢ The control rats were fed 1.1 per cent 
NaCl because we have seen consistently better growth 
and more resistance to respiratory infection in rats 
fed this level rather than the usual 0.2 per cent NaCl. 
Each experimental group consisted of twenty rats. 
Systolic blood pressure was measured at monthly 
intervals by the cuff method of Kersten et al.6 

1. Measurement of Exchangeable Body Sodium: After 
8 months on the experimental diets, ten rats were 
selected from each dietary group and exchangeable 
body sodium [(Na)g] was determined by the prin- 
ciple of isotope dilution. Each rat was injected intra- 
peritoneally with 25 uc. of Na*Cl dissolved in 1 ml. 
saline; 5 hours later samples of blood were obtained 
from the tail. During the 5 hour equilibration period 
the rats were given access to water but not to tood; 
all urine was collected in order to correct for urinary 
loss of radioactivity. Measurements of radioactivity 
were made using samples of both serum and urine 
with a scintillation well counter. Serum Na concen- 
trations were determined using a Coleman flame 
photometer. Sodium space, expressed as per cent 


+ Na:K ratio as used here is based on relative rather 
than equivalent weights. 


* From The Radioisotope Service, Thayer Veterans Administration Hospital, and the Departments of Biochemistry 
and Medicine, Vanderbilt University School of Medicine, Nashville, Tennessee. This research was supported in part 
by grants in aid from the National Heart Institute (H-1816), the Life Insurance Medical Research Fund (C-54-24) 


and the Coleman Instruments Co., Inc. 
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TABLE I 
Dietary Na and K 


Diet (%) (% Na:K Ratio 
Low Na 0.2 0.66 0.2 
Control . 1.1 0.66 1.2 
2% Na + K* 5.6 3.5 2 
2% Na* 5.6 0.6 6.9 
3% Na + K* 8.4 5:3 «Re 
3% Na* 8.4 0.6 10.9 
4% Na + K* 9.8 6.1 3-2 
4% Na* 9.8 0.6 13.0 


* These figures are approximations of the actual so- 
dium content of the diet which are used to identify the 
various rations. 


body weight, specific activity of serum and (Na)x ex- 
pressed as milliequivalents per kilogram of body 
weight were calculated as follows: 


cps. Na* injected — cps. Na* excreted 


ml. Na space = 


cps. Na**/ml. serum 
ml. Na space 
per cent Na space = gm. body weight 100 
cps. Na**/L. 


Serum specific activity = mEq. Na/L 


cps. Na*‘ injected — cps. Na* excreted 
serum specific activity 


(Na)z mEq. = 


The validity of the described method was estab- 
lished by preliminary experiments with animals from 
the stock colony. (Na). was determined in three rats 
by the method of isotope dilution: The animals were 
killed, the entire carcass homogenized, an aliquot 
digested with nitric acid, and Na measured in the 
digest using the flame photometer. In the three rats 
(Na), represented 87, 93 and 90 per cent of the total 
body Na as measured by chemical analysis of the 
carcass. 

2. Measurement of Exchangeable Body Potassium: 
Rats from each of three dietary groups (control, 4 per 
cent Na and 4 per cent Na + K) were used for meas- 
urement of exchangeable body potassium [(K)g] 
after 12 months on the experimental rations. No 
animals were selected who appeared ill or were losing 
weight. Each rat was injected intraperitoneally with 
100 ue. of K® and 18 hours allowed for equilibration 
with body K. During this period the rats were given 
access to water but not to food. All urine was col- 
lected in order to correct for the amount of K* lost by 
this route. Eighteen hours after injection the rats 
were anesthetized with urethane, the carotid artery 
cannulated and blood samples collected. Blood from 
the tail was not suitable for the measurement of the 
specific activity of K since it contained unusually high 
concentrations of K due to hemolysis and contamina- 
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tion with tissue fluid. After 5 ml. of blood was ob- 
tained, the rat was killed by removing the heart. 
Samples of ventricular muscle, skeletal muscle and 
liver were removed for determination of radioactivity 
and analysis of K content by flame photometry. One 
milliliter aliquots of blood serum were dried and 
counted with an end-window Geiger-Mueller tube. 
The urine, ventricular muscle, skeletal muscle and 
liver were counted with a scintillation well counter. 
Standard K® solutions were then counted with both 
types of equipment to obtain a factor for converting 
beta counts to gamma counts. The K activity of 
serum was too low to be counted accurately in the 
well-type counter; urine and tissue samples could, 
however, be so counted. The scintillation well 
counter used for urine and tissue avoided the neces- 
sity of digestion and drying of samples before count- 
ing. K concentrations were measured in serum, urine 
and nitric acid digests of tissues with the flame pho- 
tometer. 

(K)x was calculated as follows: 


. K®/L. 
Serum specific activity = EL 


cps. K* injected — cps. K*® excreted 
serum specific activity 


mEq. = 


(K)g concentrations were calculated in terms of 
lean body weight since after 12 months on the diets 
the control animals were much fatter than the two 
experimental groups. Three rats from each group 
(control, 4 per cent Na, and 4 per cent Na + K) were 
killed for determination of fat content. After remov- 
ing the skin and intestinal contents, the carcass of each 
animal was finely ground, and fat determined by the 
method of Lowry and Hastings.’ 

This method for measurement of (K)x in rats was 
compared with values obtained when total carcass K 
was estimated by flame photometry. The specific 
activities of serum and urine from four stock rats were 
determined and the two compared as representative 
body samples for calculation of (K)g. Examination 
of urine collected at 6, 18, 21 and 24 hours after in- 
jection of K® showed that the specific activity of the 
urine reached a constant value, indicating complete 
mixing, 18 hours after injection. The specific activ- 
ity of the urine was about 20 per cent higher than 
that of serum. The individual values obtained for 
(K)g based on serum specific activity were 99, 111, 
115 and 112 per cent of those obtained by analysis of 
carcass K. (K), calculated from the specific activity 
of urine was 89, 80, 92 and 111 per cent of the values 
for total body K based on analysis of the carcass. The 
specific activity of serum samples was used for the 
determination of (K)g in these experiments. The 
concentrations of (K), were then expressed as milli- 
equivalents per kilogram of lean body weight. 

3. Measurement of Tissue Water Sodium and Potas- 
sium: After 12 months on the experimental rations, 
eight rats from each of three dietary groups (control, 
4 per cent Na and 4 per cent Na + K) were studied 
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A, survival of rats eating 2 per cent sodium with and without added potassium. B, survival of rats eating 3 


per cent sodium with and without added potassium. C, survival of rats eating 4 per cent sodium with and 


without added potassium. 


to determine tissue concentrations of water, Na and K. 
Weighed samples of ventricular muscle, skeletal 
muscle, liver and crushed bone were dried for 24 
hours at 100°c., reweighed, digested with nitric acid 
and analyzed for Na and K. The concentrations in 
bone were expressed as milliquivalents per 100 grams 
of dry, fat-free bone. In preliminary experiments it 
was noted that the percentage fat in the tissue samples 
taken from the rats on the three experimental diets 
was less than 2 per cent so that ether extraction was 
omitted and the concentrations were expressed as 
milliequivalents per 100 grams dry tissue. Percentage 
water was calculated from the difference between the 
weight of fresh and dried tissue. 


RESULTS 


1. Effect of Added Dietary Potassium on Longevity 
and Blood Pressure: It has previously been 
reported that rats fed high levels of NaCl have 
a shortened life span’* and that the survival 
time of these animals is lengthened if the KCl 
content of the diet is increased sufficiently to 
maintain a dietary Na:K ratio of 1.4. This 
protective effect of K against chronic NaCl 
toxicity was confirmed in the present series of 
experiments. The results are shown in Figure 1. 
Itwill be noted that the survival of ratsreceiving 2 
or 3 per cent dietary Na with added K was greater 
than those receiving high levels of Na without 
supplementary K. At the highest level of 
dietary Na (Fig. 1C) the addition of K appeared 
further to decrease survival during the early 
months of the experiment but after the eighth 
month, the survivors receiving increased K 


lived longer than those fed 4 per cent Na alone. 
Table 11 shows the average maximum blood 
pressure for a control group and those fed 
varying amounts of Na and KCl. The maxi- 
mum blood pressure of rats fed high Na-high K 
diets was significantly lower than that of rats 
fed equivalent amounts of Na without added 
K. The hypertension associated with NaCl 
toxicity was not prevented but was somewhat 
reduced by feeding supplementary KCl. 

2. Effect of Added Dietary Potassium on Sodium 


TABLE 
Effect of Added Dietary KC] on Maximum Systolic Blood 
Pressure 
Blood Pressure 
No. Dif- 
Diet of Maxi- fer- P 
Rats mum ones Value of 
(mm. Hg) | (mm. Differ- 
Hg) ence 
Control 15 146 + 1.80* 
2% Na 20 | 164+ 3.74 
2% Nat+K 20 | 154241.31 10 <0.02 
3% Na 19 181 + 3.49 
3% Na+ K 16 | 163 +1.50/; 18 <0.001 
4% Na 20 | 186+ 5.17 
4% Na+K 13 | 169 +4.79| 17 <0.05 


* Standard error of mean. 
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Effect of Added Dietary KCl on Na Space and (Na), 


TABLE Ill 


Dietary Na: K Ratio 


TABLE Iv 
Effect of Added Dietary KCI on (K)g 


Na Space (Na)g 
Diet ree: (% body (mEq./kg. 

mEq./L. weight) body weight) 
Low Na 143 + 0.71* 24.2+ 0.52 34.4+0.81 
Control 141 +1.12 23.2 + 0.56 32.7 + 0.88 
2% Na 140 + 2.1 24.7 + 0.65 34.5 + 0.82 
2% Na+ K 141 + 0.81 24.7 + 0.38 34.7 + 0.58 
3% Na 145 + 1.00 27.0+ 0.53 39.2 + 0.82 
3% Na+K 146 + 1.25 25.2 + 0.40 36.7 + 0.72 
4% Na 143 + 0.99 29.6 + 0.72 42.2+ 0.98 
4% Na+ K 138 1.12 25.6 + 0.43 35.424 0.58 


* Standard error of the mean. 


Space and Exchangeable Body Sodium: The results 
summarized in Table 11 are the mean values 
for Na space and (Na)s in eight groups of rats. 
There were no significant differences in Na 
space or (Na)x in the first four dietary groups 
receiving low Na, control, 2 per cent Na and 
2percentNa+K. Rats fed 3 or 4 per cent Na 
without increased K had significantly higher Na 
space and (Na)g than the control animals. 
These differences were statistically significant, 
having probability values of less than 0.001. 
Rats fed either 3 or 4 per cent Na also had sig- 
nificantly higher Na space and (Na), than did 
those fed the same level of Na with added K 
(p < 0.02-for 3 per cent Na vs. 3 per cent 
Na+ K; p < 0.001 for 4 per cent Na vs. 4 
per cent Na + K). Despite excessive dietary 
Na intakes for 8 months, rats receiving high 
levels of dietary K did not show significantly 
greater Na spaces or (Na) x than their controls. 
Under these experimental conditions a Na 
intake in excess of 2 per cent resulted in retention 
of Na but this retention was prevented when the 
dietary KCl was raised sufficiently to maintain 
a Na: K ratio of 1. 

3. Effect of Added Dietary Potassium on Ex- 
changeable Body Potassium: (Na), was determined 
on eight groups of experimental animals re- 
ceiving various levels of Naand K. The largest 
differences occurred in body Na of three groups: 
control rats, 4 per cent Na and 4 per cent 
Na + K. Therefore, (K)z was measured in 
these same three groups in order to determine 
whether there was a reciprocal relationship 
between body Na and K. By the time the Na 
measurements were completed the rats had been 
on the experimental rations for 8 months, 
whereas body K was measured after 12 months 
on the diets. 

Average (K)x of control rats, rats fed 4 per 
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No. of | Serum K Fat ( 

0.0 rum mEq./kg. 

Diet Rats (mEq./L.) (% body lean body 
weight) weight) 

Control 7 5.35 + 0.40* 36.0 90.7 + 1.95 

4% Na 6 4.88 + 0.30 26.4 94.6 + 1.85 

4% Na+ K 5 5.16 + 0.40 23.9 107.6 + 2.36 


* Standard error of the mean. 


cent Na, and animals fed 4 per cent Na + K 
are shown in Table 1v. Concentrations were 
calculated as milliequivalents per kilogram 
lean body weight to adjust for differences in 
body composition. The difference between 
the K content of control animals as contrasted 
with the 4 per cent Na fed rats was not statis- 
tically significant. The group receiving 4 
per cent Na with added dietary K had sig- 
nificantly more (K)g than the control group 
(p < 0.001). The group receiving the 4 per 
cent Na diet with supplementary K had more 
body K than those fed 4 per cent Na without 
added K (p < 0.01). The animals on high 
Na diets had increases in (Na)g and decreases 
in (K)¢ as compared with those on the same 
level of dietary Na but with sufficient K added 
to restore the ratio to the control level of 1. 
When the two experimental groups are com- 
pared with the control group those on increased 
dietary Na had increased (Na)g whereas the 
group fed increased dietary Na + K had more 
(K)x than the control group. 

The values reported here for (K)g were based 
on the specific activity of serum but at the time 
these experiments were done tissue samples 
were also taken. These tissues were counted 
and later analyzed for K content. Specific 
activity of the tissue samples was calculated 
and compared with that of plasma as shown 
in Table v. The specific activities of heart, 


TABLE Vv 
K® Specific Activity Relative to Plasma 


Diet 
Area 
Control 4% Na 4% Na+K 
Heart 1.22 1.06 1.38 
Muscle 1.15 1.09 1.05 
Liver 1.27 1.17 1.03 
Blood 0.96 0.71 0.73 
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muscle and liver agreed well with those of serum 
from the three groups of animals. This indi- 
cates that complete mixing of radioactive potas- 
sium with body potassium had occurred and 
also suggests that in these experiments serum 
was a representative body sample for the esti- 
mation of (K), by the method of isotope dilution. 

4. Tissue Sodium and Potassium Concentrations: 
Na and K concentrations were measured in 
heart, muscle, liver, bone, blood and plasma 
taken from the animals used for estimation 
of (K)xg, including (A) eight control rats, (B) 
eight rats fed 4 per cent Na and (C) eight rats 
fed 4 per cent Na+ K. In Figure 2 and Table 
v1 are shown the average concentrations of Na 
and K expressed as milliequivalents per 100 
grams dry tissue. The individual values varied 
considerably so that in most cases the differ- 
ences shown between group averages were not 
statistically significant. A trend is to be noted in 
the electrolyte pattern of tissue from the three 
groups of animals. The Na content of hearts 
from rats fed 4 per cent Na was lower than hearts 
from control rats or those fed 4 per cent Na + K. 
Rats fed the high Na + K diet had normal con- 
centrations of Na in the heart. Muscle Na 
was higher in the group fed large amounts of 
Na than in the control or those fed both high 
Na + high K and the Na concentration in the 
muscle of the latter was similar to that of con- 
trol animals. The Na content of liver followed 
the same pattern as muscle. Measurement of 
K in heart, muscle and liver from the three 
groups revealed that control rats had the lowest 
concentrations of K; rats fed high levels of Na 
had more K in their tissues than control rats, 


TABLE VI 
Effect of Added Dietary KCl on Tissue H2O, Na and K 


Diet 
Organ 
Control 4% Na 4% Na+K 
A. H20O (Per cent fresh tissue weight) 
Muscle 73.4 + 0.18* 74.34 0.44 75.0 + 0.25 
Heart 78.0 +0.22 78.0+ 0.18 78.424 0.28 
Liver 70.5 + 0.60 71.8 + 0.24 71.9 + 0.26 
B. Na(mEq./100 gm. dry tissue) 
Muscle 10.0 + 0.34 11.0 + 0.73 9.3+0.34f 
Heart 20.0 + 0.63 18.7 + 0.83 19.6 + 0.94 
Liver 10.9+0.91 12.0 + 1.03 11.0+ 0.70 
C. K(mEq./100 gm. dry tissue) 
Muscle 39.0 + 0.64 39.9+ 0.91 42.4 + 0.67},t 
Heart 31.9 + 0.78 35.7 1.09f 
Liver 21.520.55 31.94 33.4+0.46f 


* Standard error of the mean. 
+ Significantly different from 4 per cent Na (p < 0.05). 
t Significantly different from control (p < 0.05). 


while the group fed diets high in both Na and K 
had the largest amount of tissue K. In general 
the Na and K concentrations of tissue samples 
reflected the values for exchangeable body 
Na and K in the three experimental groups. 
The one exception was the relatively low Na 
concentration in hearts of rats fed large amounts 
of Na. Subsequent measurements on hearts 
of other animals subjected to this same dietary 
treatment for different lengths of time have not 
confirmed this finding. Hence, its meaning 
is not clear. 

Na and K concentrations were also measured 
in bone, blood and plasma from these same three 
groups of animals (Table vim). Bone was 
studied because it seemed possible that after 
long-term experiments of this kind some of 
the excessive dietary Na or K might have been 
deposited there and not be measured as (Na)g 
or (K)g. The Na and K concentrations in bone 
from the three groups were equivalent in spite 
of the wide differences in electrolyte composi- 
tions of the diet. The Na and K concentrations 
of both whole blood and plasma were also quite 
similar in the three groups, indicating no ap- 
preciable changes in the electrolyte concentra- 
tions of the red blood cells. 


COMMENTS 


In these experiments chronic NaCl toxicity 
was associated with increased exchangeable and 
total tissue Na although it is not possible to 
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TABLE vir 
Na and K Content of Bone, Blood and Plasma 
Na Content K Content 
Substance 

Control 4% Na 4% Na+K Control 4% Na 4% Na+K 

Bone (mEq./100 gm. 
fat-free solids ) 31.4+0.63* | 31.52+0.61 | 31.4240.53 | 4.21 40.12 | 4.19+0.18 | 4.04 +0.08 
Blood (mEq./L.) 85 + 4.4 85 + 3.9 85+1.4 55+ 4.0 55 +3.3 56+1.5 
Plasma (mEq./L.) 1544+1.4 144 + 4.7 148+1.2 | 5.35240.39 | 4.88 +0.27 | 5.16+0.36 


* Standard error of the mean. 


state whether this was the cause, effect or an 
accompanying phenomenon of the hypertension 
and shortened life span seen in Na intoxicated 
animals. It is of interest that increased body 
Na occurred without an accompanying reduc- 
tion (below control levels) of exchangeable 
or total tissue K. The Na: K ratio of the tissues 
studied were equivalent in control animals and 
those fed large amounts of NaCl, which suggests 
that the observed increase in body Na was not 
the result of replacement of intracellular K 
by Na.. The serum Na levels were quite similar 
in all groups which indicates equivalent con- 
centrations of Na in the extracellular fluid. 
Although no estimations of extracellular or 
intracellular compartments were attempted 
in these animals, the Na space was markedly 
increased in those animals having elevated 
body Na. If one accepts the premise that Na 
space ‘approximates extracellular space, the 
observed increase in tissue Na might have re- 
sulted from an increased extracellular compart- 
ment in these animals. 

The addition of K to diets containing large 
amounts of NaCl appeared to furnish partial 
protection against the hypertension and short- 
ened life span seen in rats fed toxic levels of 
NaCl. Rats fed supplementary K also main- 
tained normal (Na)x and tissue Na concentra- 
tions in spite of excessive dietary NaCl. Re- 
tention of Na was not related to the absolute 
amounts of Na in the diet but rather to the 
dietary Na:K ratio. 


SUMMARY 

Sodium space, (Na)z, (K)ez and tissue con- 
centrations of Na and K were measured in rats 
fed various levels of Na and K. 

Those fed diets high in NaCl with added K 
lived longer and had less hypertension than 
those on the same high levels of Na without 
added K. 
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Rats fed diets containing more than 2 per 
cent Na had increased Na space, (Na), and 
tissue Na. Sodium space, (Na) and tissue 
Na concentrations were not elevated in animals 
fed the same high levels of NaCl plus KCl 
added to maintain a less distorted Na: K ratio. 

(K)x and tissue K concentrations were similar 
in controls and rats fed high Na. Those fed 
large amounts of both Na and K had higher 
and tissue K. 

The Na and K content of serum, blood and 
bone was not changed by the dietary levels of 
these elements. 
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Panel Discussion 


Chairman: 


Dr. Frank M. Sturtevant 


DISCUSSION OF PAPERS BY HALL AND HALL; DAHL; FREGLY; FREED; STAINSBY AND RENKIN; AND 
LEMLEY-STONE, DARBY AND MENEELY 


Davip Gorpon (Miami, Fla.): I would just like 
to confirm some of this work and point out to 
Dr. Meneely that he should not have been too sur- 
prised by the fact that his salt-hypertensive rats lived 
longer when given potassium but still had higher 
blood pressures. Dr. Freed demonstrated the same 
thing (Proc. Soc. Exper. Biol. @ Med., 78:77, 1951). 
He administered DCA to rats, fed them salt in the 
usual manner, and they became hypertensive. Their 
survival rate, however, was not good. As a control 
for some other experiments with low potassium 
levels, he administered DCA and KCl to one group. 
These rats had higher blood pressures than the salt- 
fed rats but they lived longer and, in general, they 
seemed to do better. Dr. Drury and I noted the same 
thing with renal hypertensive rabbits (Circulation 
Res., 4: 167, 1956). Some rabbits were given KCl 
to drink and some were untreated as control sub- 
jects. All were maintained on the regimen until they 
died. The KCl-treated rabbits lived longer but their 
blood pressures were higher than the control rabbits. 
This Coes not explain your finding, but it certainly 
confirms the same phenomenon. 

GeorceE MENEELY: We claim no credit for the 
idea that potassium might be of some help in hy- 
pertension. I think Priddle is the one who first 
proposed potassium for the treatment of hyperten- 
sion (Canad. Med. A. J., 25: 5, 1931). 

Smon Ko tetsky (Cleveland, Chio): I want to 
comment on Dr. Fregly’s paper concerning potas- 
sium and that will lead me into a comment on Dr. 
Meneely’s work. From time to time we have made 
some observations on the effect of drinking KCl in- 
stead of NaCl as well as having the rats drink both 
at one time. None of these observations is published. 
NaCl is a nephrosclerotic agent; it is very injurious 
to the kidney, especially to the glomeruli. This is 
not true of potassium. If you feed potassium on a 
fairly long-term basis to rats and accelerate develop- 
ment of hypertension by reducing renal mass, a 
very interesting difference begins to appear. Ob- 
vious or significant glomerular disease does not de- 
velop in the potassium-treated rat but a tubular type 
of lesion which is characterized by marked swelling 
and proliferation of the tubular lining cells does de- 
velop. It is a type of lesion different from that pro- 
duced by sodium. When Dr. Fregly talked about his 
experiment with potassium, he said that the kidneys 
both from sodium- and potassium-treated rats were 
enlarged. However, they are different morpholog- 
ically, although I agree that in our experience potas- 


sium alone also has had a tendency to produce eleva- 
tion in pressure. You mentioned that the adrenal 
was enlarged with administration of potassium. 
We have also noted this, but cannot corroborate 
the reverse observation because in our experience 
with sodium-fed animals, the adrenal is not compa- 
rably enlarged. In fact, it was our guess that the 
blood pressure is elevated in the potassium-fed 
rats through an adrenal-cortical mechanism which 
promotes retention of sodium. 

About Dr. Meneely’s work: I think that there is no 
question but that he has shown a definite protec- 
tive effect as a result of potassium. I wonder whether 
the protective effect of the potassium is not exercised 
directly in the tissues. In other words, by giving the 
combination and exposing the tissues to added potas- 
sium one might be reducing the toxicity of the so- 
dium. Finally, I still am not sure why Dr. Meneely 
postulates two different kinds of hypertension. 
Perhaps there are two different manifestations of 
the same kind of hypertension. In one instance, by 
means of a protective element in critical places, 
you do not get the same kind of vascular disease and 
the same degree of elevation of blood pressure, but 
the two are not fundamentally different. Postulating 
two different kinds of hypertension makes it appear 
that there are two radically opposed mechanisms, 
which I think is questionable. 

James Conway (Ann Arbor, Mich.): I would 
like to ask a basic question as an extension of Dr. 
Koletsky’s comments. Can salt produce hyperten- 
sion without first damaging the kidney? Has any- 


- body information on the reversibility of this type of 


hypertension? If you administer salt for a period 
of time, can you stop the salt and have a return of 
blood pressure to normal units? This might indicate 
whether there is renal damage. ° 

Cuartes Hari: Dr. Friedman first reported 
that for DCA-hypertension (Canad. Med. A. J., 
61: 596, 1949). We have had the same experience. 
When rats get hypertension on salt and you take the 
salt away, the hypertension remains. Dr. Dahl told 
me of a similar experience in his laboratory. When 
animals become hypertensive from salt-eating, they do 
not lose the hypertension when salt is discontinued. 

JamMEs Conway: Is there a period of time when 
the salt has a direct vascular effect, say in the first 
week or two, when it would be reversible? When 
do renal changes appear? 

Cuaries Hat: If there are renal changes, they 
are not detectable by conventional methods. 
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MELVIN Frecty: I could set an outside limit to 
your question, Dr. Conway. After 10 weeks of ad- 
ministration of 1.9 per cent NaCl solution as the sole 
drinking fluid, the hypertension is not reversible. 
Take away the NaCl solution and the rats remain 
hypertensive. But that is an outside limit, and I 
cannot tell you what would happen in a week or 2 
weeks. 

SyDNEY FRIEDMAN (Vancouver, Canada): These 
comments are in connection with the question which 
Dr. Conway raises and also in connection with what 
Dr. Dahl said earlier. I cannot answer the questions 
about renal function and its changes with salt feed- 
ing alone, but I would like to point out our study. 
Some 10 years or so ago we carried out a study of the 
effects of various sodium salts on DCA hypertension 
and its reversibility (Am. J. Physiol., 153: 226, 1948). 
We found that of all the anions, phosphate had a 
particularly toxic effect; perhaps that observation 
has some bearing on Dr. Dahl’s sea salt. I would 
like also to make the point that although renal clear- 
ances appeared to be unchanged in the early phases of 
DCA-salt treatment, in actual fact the kidney was 
enlarged quite early and there was a compensatory 
hypertrophy which meant that the actual function of 
a gram of tissue was reduced (J. Exper. Med., 89: 631, 
1949). It is quite difficult to do Tm studies in the 
rat which is the animal of choice in this case. This 
fact makes it rather difficult to establish how early 
the functional changes occur. With salt hypertension 
I imagine the same would be true. With DCA hy- 
pertension we also studied periods of reversibility 
ranging from about 2 weeks to about 6 weeks. It 
would reverse even at 6 weeks but beyond that the 
time became critical and I would guess that salt hy- 
pertension would be roughly similar. 

RENE GirerD (Morris Plains, N. J.): I would like 
to ask Dr. Hall if he has an explanation for the ap- 
parent discrepancy between the mortality rate of the 
animals he treated with DCA and lithium chloride 
and the incidence of lesions which were observed in 
these animals. If I recall it correctly, he found an 
incidence of 100 per cent for lesions of heart and 
kidney with lower mortality as compared with 
animals treated with DCA and sodium. 

Regarding the problem of corticoid hypertension 
in hypophysectomized rats we have been working 
along similar lines although we have used different 
approaches. In the first place, we used male rats 
and found them to be preferable to females because 
most people working in the field had been using 
male rats and because it is much easier to verify 
the completeness of hypophysectomy which sometimes 
can escape visual observation. Incompletely hy- 
pophysectomized rats have a marked increase in 
testis size. In our experience, when we had properly 
hypophysectomized male rats, the size of the testis 
was not even one-tenth the size that we observed in 
nonhypophysectomized animals. I think the use of 
female rats has been reported previously by Selye’s 
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group (Ann. Endocrinol., 14: 366, 1953) and I am 
wondering if sex could cause a difference between 
Dr. Hall’s results and ours; we noted that the ad- 
ministration of desoxycorticosterone acetate in sen- 
sitized hypophysectomized male rats was unable to 
raise the blood pressure or to cause any hypertension. 
The only additional treatment which would eventu- 
ally produce a change and raise blood pressure 
would be the administration of various pituitary 
preparations, one of them being lyophylized anterior 
pituitary or a composite of somatotrophic hormone, 
ACTH and pitressin. 

CuarRtes Hatt: We have no direct experience 
with male rats, and it was drawn to our attention 
in one of our publications by the editor that all the 
people who had reported failure of hypophysec- 
tomized animals to respond to DCA had, in fact, 
used male animals. I myself cannot conceive of any 
fundamental difference in hypertensive disease be- 
tween a female and a male, and I doubt that this can 
be the explanation. On the other hand, I have no 
direct evidence of this. Secondly, I have no explana- 
tion for the increased mortality of animals on NaCl 
whose hypertension is no greater than those on 
lithium chloride. There must be some other aspect 
of sodium toxicity which is not reflected in blood 
pressure and which leads to mortality, since we cus- 
tomarily find this greater mortality among the DCA 
and salt-treated animals than among DCA and 
lithium-treated animals even though the elevation 
of blood pressure is the same. 

Smon Ko.etsky: Could you say there was a 
greater incidence of infection? Many of these rats 
get pneumonia and die. ‘This is particularly true of 
sodium-loaded animals. 

HALL: We have found pneumonia. I 
am not quite sure this was the cause or the effect, 
but it does occur. 

With respect to the other questions regarding the 
criteria used as for completeness of hypophysectomy, 
we have used several more or less concurrently: 
In the first place, the failure to grow, which may or 
not be an adequate measure; secondly, the failure 
to develop the typical guard hairs or rough fur, which 
the intact animal shows and which in the hands of 
Rennels and Everett (Anat. Rec., 135: 21, 1959) 
has been the most sensitive criterion of completeness 
of hypophysectomy. If a small quantity of tissue is 
present which does not cause the animal to grow, 
it will still cause the development of the typical guard 
hairs which is associated with tracer amounts of LH. 
We have used this also. It has been reported that 
DCA exerts a tropic effect on the testis of the hy- 
pophysectomized animal (Arch. path. Anat., 321: 559, 
1952), and we believed that, if this were true, it 
would be very difficult to test the completeness of 
hypophysectomy in a DCA-treated animal. There- 
fore, we have not attempted to study this in the male.. 
I have no explanation other than the possible role 
of sucrose or the possible effect of a more fully de- 
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veloping hypertension as a consequence of a lower 
dose of DCA. These are things which are in my 
mind; I have no proof for any of them. 

FLoyp SKELTON (New Orleans, La.): I wanted to 
ask Dr. Fregly if he has looked at the adrenals of any 
of his animals which received potassium nitrate, 
particularly with reference to the width of the 
zona glomerulosa? Since this substance probably 
alters the sodium-potassium ratio in favor of potas- 
sium, one might expect increased width. If there were 
increased width and increased functional response, 
this might complement some observations of Gornall 
(Canad. J. Biochem. Physiol., 35: 113, 1957) who has 
shown that small amounts of alderosterone adminis- 
tered to animals in the absence of excessive salt in- 
take are capable of producing hypertension. 

MELvIN Frecty: The tissues from all the rats that 
we have used are now with Dr. Hood in the pathology 
laboratory. Before the conference began, I asked him 
if he could tell me off hand what he had observed. 
Dr. Hocd told me that of the tissues he had looked at, 
the most striking changes occur in the adrenal. With 
routine staining, he sees increased width of the glo- 
merulosa and with fat stains and lipid droplets can 
be seen in the glomerulosa. He has only done routine 


staining on the other tissues at the present time. 

Smmon Kotetsky: Wecan confirm that the glomer- 
ulosa is definitely increased. We didn’t do fat stains. 

Octavia HALL: I would like to comment a little 
further on Dr. Conway’s question on the reversibility 
of hypertension. In clipped hypertension it was our 
experience that if you took out the offending kidney 
at a mild level of hypertension and reversed the hy- 
pertension, there was no morphologic change. The 
other comment I would like to make is about a detail 
from Dr. Fregly’s experiment, in which the level of 
blood pressure in the control animals seemed high 
until I noticed the body weight. These are large 
and older animals. In our experience, older rats 
do have control values that are higher. 

FRANK STURTEVANT (Evansville, Ind.): I ceriainly 
can agree that blood pressure is usually directly 
proportional to body weight. However, I cannot 
agree that an indirect blood pressure of 140 mm. Hg 
is necessarily a high value. The absolute value of an 
indirect blood pressure reading is, to me, meaning- 
less and, therefore, cannot be compared to readings 
from other laboratories. Only changes in indirect 
pressures observed by the same person in the same 
laboratory would appear to be of significance. 
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Progress Notes in Cardiology 


Edited by EMANUEL GOLDBERGER, M.D., F.A.C.C. 


New York, New York 


The Innocent Systolic Murmur in Children 


HE INNOCENT systolic murmur is the most 
T prevalent cardiac sign in children. Phono- 
cardiographic studies reveal this murmur in all 
children, although it is not always audible with 
the stethoscope. Dr. D. H. Fogel (Am. Heart J., 
59: 844, 1960) has recently described three types 
of innocent systolic murmur: 


1. Parasternal-Precordial: This is the most common 
type of murmur. It occurs usually between 3 and 12 
years of age, and is most frequent among 6 year old 
children. It is vibratory in nature. The greatest 
intensity is in the third or fourth intercostal space to 
the left of the sternum, or between the sternum and 
the apex. Intensity varies between grades 1 and 3. 
The pitch is medium and duration is brief, occupying 
the first half or two-thirds of the systole. It can be 
transmitted to the axilla, or, in thin children, to the 
infrascapular area. Intensity varies with position 
and with the follow-up examination. 

2. Pulnionic: This is the second most common 
murmur, and occurs over the base or pulmonic area 
during the first part of systole. It is short and 
blowing, varies.in intensity from grades 1 to 3, and is 
transmitted parasternally toward the apex. The 
second pulmonic sound is normal. The intensity of 


the murmur varies with position and with follow-up 
examination. This murmur is the most common 
innocent murmur among adolescents. In children 
and flat-chested persons, little lung tissue intervenes 
between the pulmonary conus and the sternum, and 
consequent slight distortion of the vessels may cause 
the pulmonic murmur. Compression of the pul- 
monary artery by the chest wall may produce the 
murmur in patients with pectus excavatum, ky- 
phoscoliosis or abnormal cardiac positicn. 

3. Cardtorestiratory: ‘This murmur is infrequent in 
children. It is heard at the apex or over the bedy of 
the heart at the lung margins as a high-pitched, short 
squeal. It is nearly always systolic in time and 
sharply located. 


In a clinical study of 231 children between 
the ages of 1 month and 17 years referred to a 
cardiac clinic, 66.7 per cent had innocent mur- 
murs. Of 124 parasternal-precordial murmurs, 
111 were in children less than 10 years old. 
Twenty pulmonic murmurs’ were heard. 
Twelve of these children were past 11 years. 
Only two cardiorespiratory murmurs were 
heard. Eight of eleven patients with rheumatic 
fever had innocent murmurs. 


Myxoma of the Left Atrium 


pg myxomas of the left atrium are 
rare, their ability to masquerade as mitral 
valvular disease warrants their constant con- 
sideration. This is particularly true in those 
patients who present any atypical features in 
the clinical picture. 

Awareness of this tumor is the best clinical 
tool. Armed with this the clinician can better 
appreciate the subtleties in which this condition 
is likely to reveal itself. Careful attention to the 
course and duration of symptoms, their varia- 
bility with body position and improvement 
following embolic phenomenon is_ essential. 
Differences in the described findings on ausculta- 
tion by separate examiners or by the same exam- 
iner is a significant lead. This variability may 
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be confirmed on phonocardiographic study. 
Cycle to cycle variation in the second to third 
sound interval is noteworthy. 

Electrocardiographic study is essentially of no 
help in making a distinction. Roentgeno- 
graphic examination by revealing pulmonary 
artery and right ventricular enlargement in the 
face of a small left atrium is significant. The 
routine right heart catheterization is usually of 
little assistance. Left atrial puncture may be 
catastrophic. 

In spite of the several diagnostic hints, angio- 
cardiography remains the only definite means 
by which a preoperative diagnosis can be made. 
With the new technics of open heart surgery, 
these tumors can now be safely removed and 
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complete cure effected. To date, at least twenty 
successful operations have been recorded. The 
diagnosis was made preoperatively by angio- 
cardiography in only five of these cases. 
The diagnosis in the other cases was made 
during surgical operation for mitral valvular 
repair. 

Drs. T. E. Hair, Jr., E. S. Orgain, W. C. 
Sealy and H. D. McIntosh (Duke University 
Medical Center, Durham, North Carolina) 
have recently operated on two patients, both 
adults, who had atypical signs for mitral steno- 


sis. In one, the development of acute pul- 
monary venous engorgement, strikingly more 
pronounced in one lung field, was noted. The 
pedunculated character and bizarre shape of the 
successfully removed tumor make selective 
pulmonary vein obstruction a likely explanation 
of the described phenomenon. This is a find- 
ing which, in future cases, may prove of aid in 
initiating further diagnostic studies. Cine- 
angiography in the second case excellently dem- 
onstrated the quite large and mobile tumor 
which was also successfully removed. 
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Letter to the Editor 


Endocardial Fibroelastosis 


Dear Editor: 

With reference to an article by Paul, R. N. 
and Robbins, S. G., “Surgical Treatment for 
Endocardial Fibroelastosis or Anomalous Left 
Coronary Artery” (Am. J. Cardiol., 1: 694, 
1958). 

I have a family under my care in which two 
children have already died in infancy with 
subendocardial fibroelastosis. The third baby 
is now aged 5 months and so far symptoms have 
not. developed. However, the previous two 
babies were well until the age of about 6 months. 

Would you please comment on the present 
value of pericardial poudrage so that I could 
inform the parents of prospects of surgical 
treatment, if this baby should have fibroelas- 
tosis. 


V. B. HENRY, M.D., F.R.C.S. (EDIN.) 
Townsville, Australia 


REPLY BY DR. PAUL 


Dear Editor: 

There is no appreciable change in the status 
of these patients since the last report in The 
American Journal of Cardiology in 1958. 
This article dealt with a 4 year experience, and 
this can now be altered to approximately 7!/2 
years. All of the patients that survived sur- 
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gery, with the exception of the one already 
quoted as having died 5 months postoperatively, 
are living and well, none having taken any 
further digitalis or encountering any further 
difficulties. There have been approximately 
twelve more patients operated on in the same 
manner since the original ten cases were re- 
ported, and all have done quite well. We have, 
unfortunately, not been able to follow personally 
all the patients in this group, but through com- 
munication with parents or doctors in various 
portions of the country where these patients are, 
the indications are that they too are doing quite 
well. We have had no reports on subsequent 
deaths in any of these patients, and thus far still 
hold that this procedure apparently sustains life 
well beyond the expected longevity in this 
group, which, according to most statistics, will 
average 90 to 95 per cent mortality in the 
first 2 years of life. We do not contend that it 
is curative, since there seems to be no logical 
reason why the fibroelastic lining should dis- 
appear, but by way of our experience we would 
have to recommend that this procedure be 
offered to patients with endocardial fibro- 
elastosis or anomalous left coronary until such 
time as a better procedure may be offered. 


RAPHAEL N. PAUL, M.D. 
Memphis, ‘Tennessee 
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Book Reviews 


Current Therapy—1961, edited by Howard 
F. Conn. W. B. Saunders Co., Philadelvhia, 
1961, pp. 806, $12.50. 


This latest edition of Current Therapy con- 
tains a fifty-five page section on the cardio- 
vascular system. Of special interest are the 
concise summaries of the treatment of Adams- 
Stokes attacks, paroxysmal tachycardia and 
atrial fibrillation, bacterial endocarditis, hyper- 
tension and myocardial infarction. S. D. 


Pharmacology—The Nature, Action and Use 
of Drugs, 2nd ed., by Harry Beckman, m.p. 
W. B. Saunders Company, Philadelphia and 
London, 1961, pp. 805, $15.50. 


The rapid development of pharmacology as 
a science and the phenomenal increase in the 
number of drugs in current use is attested to by 
the appearance of the second edition of this 
popular textbook only three years after its 
introduction to the market. The title has 
been changed from Drugs—Their Nature, 
Action and Use, to the more definitive title 
stated above. The book has also grown in 
size, with seventy-seven more pages and an 
increase in the number of chapters from seventy- 
six to eighiy-one. Some compression has been 
noted, with the elimination of some illustrations 
and reduction in the size of type used for the 
references at the end of each chapter. How- 
ever, Dr. Beckman has succeeded admirably in 
condensing the vast amount of new material 
available to a workable minimum and deleting 
much obsolete material. 

The new edition retains the attractive first 
person style in writing which characterized the 
first edition, and Dr. Beckman’s frank appraisal 
of many drugs will emphasize that there are 
divergent opinions among physicians regarding 
the usefulness of drugs available for many 
purposes. Some chapter titles have been 
reworded—which causes one to wonder if this 
represents the development of skepticism re- 
garding the efficacy of certain drugs or whether 
the author is merely trying to be more precise in 
categorizing drug action. For example, Chapter 
27 is reworded “Drugs that are Used Principally 
for Vasodilation in Coronary Disease,” from 
“Drugs that Dilate the Coronary Arteries”; 
and Chapter 28, “Drugs that are Used Prin- 


cipally for Vasodilation in Hypertension,” 
from “Drugs that Reduce Blood Pressure.” 
Readers of this Journal will appreciate two 
new chapters entitled “‘Drugs that are Used 
Principally for Vasodilation in Peripheral 
Vascular Diseases” and “Drugs that are 
Beneficial in Hepatic Coma.”’ The chapter on 
Hypertension, in this reviewer’s opinion, is a 
great improvement over the corresponding 
chapter in the first edition. The chapters on 
“The Pharmacology of the Autonomic Nervous 
System” have been rearranged, with first 
consideration being given to parasympathetic 
agents. The material on “The Pharmacology 
of Drugs in a Miscellany of Specific Categories” 
(thirteen chapters!) has been rearranged and 
revised, as has the material on Chemotherapy, 
now under the heading “Pharmacology of 
Infection and Infestation.” ‘The index has been 
greatly expanded from forty-three triple-column 
pages to fifty-six pages in smaller type. Al- 
together, one gets the impression that the book 
has greatly improved over the previous edition. 
The references to original articles at the 
end of each chapter are a most useful and 
attractive feature of this book. The several 
thousand references collected in this volume 
will save hours of searching for original papers 
and will be of inestimable value to those seeking 
additional information on some drug or pharma- 
cologic method. More liberal use of structural 
formulas (all neatly drawn and nicely pro- 
portioned) attests to the growing importance 
of organic chemistry to pharmacology. Like 
the first edition, this treatise is neatly printed on 
durable paper and attractively bound. It is a 
beautiful book revealing precision of method, 
completeness of subject matter, and broad 
experience on the part of the author. It can be 
most profitably studied by students, research 
workers, clinicians and all who are anxious to 
learn more about the fascinating science of 
pharmacology. JouHn C. Krantz, JR. 


Myocardosis. Pathogenesis, Clinical Aspects 
and Therapy Concerning the Principles of 
Metabolic Electrocardiography, by Ferdinand 
Wuhrmann and Serge Niggli. Charles C 
Thomas, Springfield, Illinois, pp. 218, 1960, 
$10.50. 
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The term myocardosis is summarized by 
Wuhrmann and Niggli as ‘a functional, 
protein metabolic impairment of the heart 
muscle in which dysproteinemia and _ para- 
proteinemia are often but not always seen and 
in which the underlying disease processes are 
variable.” (They call this pure dysproteinemic 
myocardosis.) “It is purely functional and 
reversible at the outset. Prolonged duration 
and repeated exacerbations of the late stage in 
which nonspecific myocardial changes, par- 
ticularly fibrosis, are seen, but which are often 
no longer primarily metabolic in nature, can 
ultimately result in the frequently seen clinical 
picture of hemodynamic myocardial insuf- 
ficiency.”” In addition, a type of combined 
myocardosis can occur due to _ electrolyte 
distrubances and the simultaneous occurrence of 
vitamin (particular B,; and B,) or hormone 
(e.g., adrenal, thyroid) imbalance. 

-The terms dysproteinemia and paraprotein- 
emia refer to derangement of the serum albumin 
and globulin. These disturbances are detected 
by means of paper electrophoresis or by the 
sedimentation rate test in conjunction with the 
Weltmann Reaction and other procedures. 

Wuhrmann and Niggli continue: “The 
electrolyte balance of the organism, and par- 
ticularly the distribution of the electrolytes in 
the blood, primarily potassium, sodium and 
calcium, are closely and reciprocally related to 
the blood proteins and _ their pathologic 
alterations. The healthy organism is charac- 
terized by a simultaneous euproteinemia and 
euelectrolytemia. The primordial clinical sig- 
nificance of the blood proteins which maintain 
isoionia, isotonia and isohydria, is dem- 
onstrated by the fact that under pathologic 
conditions, dysproteinemias and _ dyselectro- 
lytemias are most frequently seen, while 
euproteinemias with simultaneous dyselectro- 
lytemias are rarely encountered ... .”’ 

“The clinical manifestations of myocardosis 
are often discrete. In the foreground are 
generalized tiredness, reduction of ability to 
work, noticeable changes of pulse frequency 
(especially a propensity for moderate tachy- 
cardia), more rarely dyspnea and cyanosis, and 
refractory behavior with respect to cardiac 
active glycosides. During the early stages the 
heart is not enlarged and no signs of congestion 
are present and a tendency toward hypotension 
is observed. Gallop rhythm is rarely seen. 
More frequently an impure or diminished 
first heart sound, heard best over the apex, is 
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encountered. During the late stages after a 
duration of many years, myocardosis cannot be 
differentiated from other forms of hemodynamic 
myocardial insufficiency.” 

Electrocardiographic changes include: de- 
pression or disappearance or inversion of the 
T waves, fusion of S-T and T, low voltage of 
QRS, prolongation of the Q-T interval, and 
return to normal following normalization of 
the metabolic disturbances. 

‘The most important disease groups in 
which myocardosis may be encountered are: 
subacute and chronic diseases and intoxications 
and their aftermaths as they apply to the liver, 
the kidneys and the pancreas; chronic gastric 
and intestinal diseases including hunger and 
deficient nutrition; infectious diseases; ma- 
lignant tumors and hemoblastoses; comatose 
states of varying etiologies; hormonal dis- 
turbances, pregnancy, major surgical proce- 
dures, etc.” 

In studying electrocardiographic patterns, the 
authors paid particular attention to the frontal 
plane leads and made extensive mathematical 
calculations of instantaneous time vectors, 
ventricular gradient and other measurements. 

The book is divided into ten chapters. There 
are chapters on the symptomatology and 
special forms of the myocardosis syndrome, as 
well as conventional descriptions of the electro- 
cardiographic patterns of hypopotassemia, hy- 
perpotassemia, hypocalcemia, and _hyper- 
calcemia. The use of cumbersome terminology 
and the lack of any clearcut differentiation of 
electrocardiographic changes due to electrolyte 
disturbances from those due to the myocardosis 
syndrome make for difficult reading. 

EMANUEL GOLDBERGER, M.D. 


The Treatment of Hypertension, by Sir 
George Pickering, William Ian Cranston and 
Michael Andrew Pears. Charles C Thomas, 
Springfield, Illinois, 1961, pp. 175, $7.00. 

This monograph is 175 pages long including 
index and references. It is an excellent attempt 
to correlate the biochemistry, physiology and 
clinical manifestations of hypertension, with a 
rational approach to therapy as reflected in 
control of the blood pressure. Whether the 
reader agrees or disagrees with the proposed 
concepts makes little difference in final analysis, 
since the conclusion is that blood pressure 
control improves prognosis as reflected in both 
morbidity and mortality. 

The book is quite up to date for a field which is 
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changing so rapidly. It is quite apparent that 
the chemical properties of the drugs used to 
treat hypertension are much better understood 
than is the chemistry of the disease itself. In 
the foreword, Dr. Kugelmass states that one 
purpose of the monograph series is to ‘‘explain 
clinical phenomena in chemical terms,” and 
this has been achieved in part by the authors. 
Unfortunately, this is not so easy to do in a 
disease in which the cause and underlying 
mechanisms are not known and the effect of 
treatment of the body chemistry is not under- 


stood—which leaves the therapist with the 
empirical conclusion that treatment is good, but 
why, or how, nobody knows. Consequently, an 
adequate understanding of the drugs used in 
the treatment of this syndrome becomes in- 
creasingly important not only in relation to 
therapy but even more in relation to etiologic 
mechanisms, since it seems apparent that the 
clinical pharmacologists have learned more 
about hypertension in the past decade than the 
clinical physiologists and geneticists have been 
able to determine in the past century. 
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College News 


PRESIDENT’S COLUMN 


The Thin Thread of Organization 


N a previous President’s Page, a description was made of the amazingly small 
O’ employed staff which is maintained by this College, 2.5 persons to be exact. 
With a total membership of 2,000, with more than 2,000 physicians attending our 
programs, with hundreds of applications to be reviewed yearly, with several hundred 
abstracts to be reviewed for the annual meeting, with honorary Fellows and Lecturers 
to be selected, with convention arrangements, exhibit arrangements, banquet 
arrangements, convocation arrangements, Work Shop arrangements and now the 
Young Investigators to be judged, it is apparent that some very real form of organiza- 

‘tion must exist. This formal organization is, of course, the Officership of the College 
and the committees of the College. The officers are elected by the College, the 
Committees appointed by the officers. ‘The policy-making group is the Board of 
‘Trustees. One of my greatest enthusiasms for our College is the fact that a Trustee 
can serve but 5 years and that the President under no circumstances may hold any 
office after his term as a Trustee. In other words, there is no permanent hierarchy, 
the thin thread of organization is given strength not by any single group of invested 
power; the thread gains its strength entirely from the shared ideals and enthusiasm 
of the Officers. No elected Officer is compensated. The Nominating Committee, 
responsible for proposing the slate of Officers, is, by tradition, not contacted by the 
Trustees and, by tradition, three of its five members must come from the general 
membership of the College and not from the Board of Trustees. This is indeed an 
organization by, from and for physicians. The thin thread of organization suits it 
well and long may the organization prosper if it continues its flexible, sensitive means 
of administration, bringing young men on the Board of Trustees, sustaining its 
strength by the imagination, vigor and ideals of the membership of the College. 
E. Grey Diwonn, M.D. 
President 
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American College of Cardiology 


Committees for 1961—1962 


STANDING COMMITTEES 


Executive Committee 


Chairman 

La Jolla, Calif. 
A New York, N. Y. 
WU. Washington, D. C. 
re New York, N. Y. 
Secretary ex-officio 

Awards Committee 

Chairman 

Georce R. MENEELY............. Nashville, Tenn. 
HERMAN !s. HELLERSTEIN............ Cleveland, Ohio 
Los Angeles, Calif. 


Budget and Finance Committee 


Chairman 
Georce W. CALVER............... Washington, D. C. 
Ex-officio 


Convention Arrangements Committee 


Workshop Committee 


Chairman 

Philadelphia, Pa. 
IRvING BROTMAN.................. Washington, D. C. 
St. Louis, Mo. 
C. Freperick KITTLe........... Kansas City, Kansas 


Postgraduate Educational-Overseas 
Educational Program Committeee 
Chairman 


Geonon W. Washington, D. C. 
LAWRENCE E, Lampe..... Brooke Air Force Base, Texas 


Publications Committee 


Chairman 

New York, N. Y. 
CLARENCE M. AGRESS............ Beverly Hills, Calif. 
Los Angeles, Calif. 
GeorcE C. GRIFFITH.............. Los Angeles, Calif. 
Georce R. HERRMANN.............. Galveston, Texas 

Scientific Program Committee 

Chairman 

Ivan D. BARONOFSKY.............. San Diego, Calif. 
James E. CrocketTr............ Kansas City, Kansas 
ArTHUR GRISHMAN................ New York, N. Y. 
HERMAN HELLERSTEIN............... Cleveland, Ohio 
C, Faspenton Kansas City, Kansas 
Oscar Maciws0n................. Los Angeles, Calif. 


SPECIAL COMMITTEES 


Chairman 

Georce W. CALVER.............. Washington, D. C. 
Credentials Committee 

Chairman 

Ee Atlanta, Ga. 

La Jolla, Calif. 

GreorcE R. HERRMANN............ Galveston, Texas 

Georce W. MANNING............... London, Canada 

DeEMETRIO SopI-PALLARES.............. Mexico, D. F. 
Nominations Committee 

Chairman 

LAWRENCE E. LAmB...... Brooke Air Force Base, Texas 

Ivan D. BARONOFSKY............-. San Diego, Calif. 

Convocation Committee 

Chairman 

New York, N. Y. 

Endowed Lectureship Committee 

Chairman 

GeorcE R. MENEELY..............- Nashville, Tenn. 

CLARENCE M. AGRESS...........- Beverly Hills, Calif. 


State Department Contact Committee 

Chairman 

Gerorce W. CALVER.............. Washington, D. C. 
Respiro-Cardiac Failure Committee 

Chairman 
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RosBert M. Hoster................. Cleveland, Ohio Boston. Mass. 
Davip S. LEIGHNINGER.............. Clevelamd, Ohio Ronawp L. HaMILTON.............. N. Y. 

Workmen’s Compensation Committee Newark, Del. 
Chairman Leon J. WARSHAW................- New York, N. Y. 


1962 Annual Convention 
AMERICAN COLLEGE OF CARDIOLOGY 


The Eleventh Annual Convention of the College will be held in Denver, Colorado 
at the Denver Hilton, May 29 to June 2, 1962. 

Abstracts of papers intended for the scientific program should be sent before Janu- 
ary 1, 1962 to Dr. James E. Crockett, Department of Medicine, University of Kansas 
Medical Center, Kansas City, Kansas. Abstracts should be approximately 250 
words in length. Original and three copies are to be supplied. 

Commercial exhibitors should write to Dr. Philip Reichert, Executive Director of 
the College, Empire State Building, New York 1, New York. Journal advertisers 
will have point priority in the assignment of exhibit space. 

_ Abstracts of scientific exhibits should also be sent to the office of the Executive 
Director. 
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PUBLISHER’S INFORMATION PAGE 


The Editors and Publishers of THE AMERICAN JOURNAL OF CARDIOLOGY welcome 
concise articles on new findings in cardiology. Asiscustomary in professional publications, 
statements in articles are the responsibility of the authors; articles must be contributed 
solely to THE AMERICAN JOURNAL OF CARDIOLOGY; material is copyrighted and 


may not be reproduced without permission of the publishers. 


Preparation of Manuscripts 


Authors are requested to follow these instructions 
carefully in preparing manuscripts: Please double 
space with good margins; type on one side of the 
sheet only; make a carbon copy for yourself and send 
the original with one carbon copy to the editorial of- 
fice, 466 Lexington Avenue, New York 17, New 
York; include full name, degrees, staff position and 
affiliation; list bibliographic references in numerical 
order as referred to in text at the end of the article 
(not in footnotes). Please make certain each 
reference contains the name of author with initials; 
title of article; name of periodical with volume, page 
and year. For example: Lev, M. and Row art, 
U. F. Pathology of mixed levocardia. A review of 
thirteen cases of atrial or ventricular inversion with 
or without corrected transposition. Am. J. Cardiol., 
8:216, 1961. 


Preparation of Illustrations 


So that your article will be presented most effec- 
tively, illustrations must be glossy prints or profes- 
sional drawings in black ink (never in blue; it will 
not reproduce well). All printing on illustrations 
should be done professionally or with heavy type. 
Reference to all illustrations should be inserted in the 
text in consecutive order. Please follow these 
identification instructions: Write the figure number 


and the author’s name on the back of each illustra- 
tion and indicate the top. 


Type legends for illustrations on a separate sheet 
with numbers corresponding to those on the photo- 
graphs or drawings. Please do not attach legends 
to the pictures. 


A reasonable number of illustrations are supplied free 
of cost; we know the authors will understand that 
special arrangements must be made with the publish- 
ers for excess illustrations and tables. 


Reviews, Abstracts 


Books for review may be sent directly to the Editor, 
Simon Dack, m.p., The American Journal of 
Cardiology, 466 Lexington Avenue, New York 17. 


Permission to abstract must be obtained from the 
publisher. Only paid circulation journals will be 


permitted to abstract. 


Reprints 


Orders for reprints of articles should be sent directly 
to the Publisher, The American Journal of 
Cardiology, 466 Lexington Avenue, New York 17, 
New York. Prices are quoted after articles are 
published. 


The American Journal of Cardiology 
466 Lexington Avenue, New York 17, New York 
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HONEYWELL RECORDS EKG PLUS 


Honeywell Electronic Medical Systems are sup- 
plied complete but for two things: a subject 
(or patient) and an electrical outlet. When you 
‘“‘plug-in”’ both, you are ready to make individ- 
ual or simultaneous measurements of a broad 
selection of physiological phenomena according 
to your exact specifications. Your record, of 
from 1 to 36 channels, is immediately readable. 
Twenty-eight different EMS channels are now 
available. In the example above, a standard 
EKG is presented (in lower part of record) in 


accepted format for clinical interpretation; the 
upper portion, a wide-amplitude record of the 
same lead, suggests the great utility of expanded 
traces for correlation with other data. The illus- 
trated system includes a Honeywell 24-channel 
Visicorder. Other Honeywell recorders, digital 
print-out devices, tape recorders, and automatic 
data reduction equipment are available for in- 
corporation into any Honeywell Electronic 
Medical System. Write for comprehensive 
brochure. 


Minneapolis-Honeywell Electronic Medical Systems + 5204 East Evans Avenue, Denver 22, Colorado 


Honeywell 


39 


Medical, Systtus 


y be. 
hig 
fox. 
Ea 
oh ety, 
Hog 
Bi 


STATEMENT OF OWNERSHIP 


STATEMENT REQUIRED BY THE ACT OF 
CONGRESS OF AUGUST 24, 1912, AS AMENDED 
BY THE ACTS OF MARCH 3, 1933, JULY 2, 1946, 
AND JUNE 11, 1960 (74 Stat. 208) showing the owner- 
ship management, and circulation of 


The American Journal of Cardiology, published 
monthly at Easton, Pa., for Oct. 1, 1961. 


1. The names and addresses of the publisher, vice 
president, publisher, editor are: Publisher, The Reuben 
H. Donnelley Corporation, 466 Lexington Ave., New 
York 17, N. Y.; Vice President, Edward A. O’Rorke, 
466 Lexington Ave., New York 17, N. Y.; Publisher, 
Pliny A. Porter, 466 Lexington Ave., New York 17, 
N. Y.; Editor, Simon Dack, M.D., 1111 Park Ave., New 
York, N. Y. 


2. The owner is: (If owned by a corporation, its 
name and address must be stated and also immediately 
thereunder the names and addresses of stockholders 
owning or holding 1 percent or more of total amount of 
stock. If not owned by a corporation, the names and 
addresses of the individual owners must be given. If 
owned by a partnership or other unincorporated firm, 
its name and address, as well as that of each individual 
member, must be given.) The Reuben H. Donnelley 
Corporation, 466 Lexington Ave., New York 17, N. Y.; 
Dun & Bradstreet, Inc., 99 Church Street, New York 8, 
N. Y. 


3. The known bondholders, mortgagees, and other 
security holders owning or holding 1 per cent or more 
of total amount of bonds, mortgages, or other securities 
are: (If there are none, so state.) None. 


4. Paragraphs 2 and 3 include, in cases where the 
stockholder or security holder appears upon the books 
of the company as trustee or in any other fiduciary rela- 
tion, the name of the person or corporation for whom 
such trustee is acting; also the statements in the two 
paragraphs show the affiant’s full knowledge and belief 
as to the circumstances and conditions under which 
stockholders and security holders who do not appear 
upon the books of the company as trustees, hold stock 
and securities in a capacity other than that of a bona- 
fide owner. 


5. The average number of copies of each issue of 
this publication sold or distributed, through the mails 
or otherwise, to paid subscribers during the 12 months 
preceding the date shown above was: (This information 
is required by the Act of June 11, 1960 to be included in 
all statements regardless of frequency of issue.) 6,825. 

Epwarp A. O’RorkgE, Vice President 

Sworn to and subscribed before me this 20th day of 
September, 1961. WALTER H. FREDRICKS 
[SEAL] Notary Public 


(Commission expires March 30, 1962.) 


REPRINT ORDER 
FORM 


THE AMERICAN JOURNAL 
OF MEDICINE 
466 Lexington Ave., 
New York 17, N. Y. 


Please send me the following 
reprints from THE AMERICAN 
JOURNAL OF MEDICINE. 


SEMINARS 


[] AtterGy (1956) $2.00 


[_] DisEAsESOFTHE PaANcREAS $2.00 
(1956) 


Liver DiszasE (1958) $2.00 


(_] Mycotic INFECTIONS $3.00 
(1959) 

$2.00 
(1950) 
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NEW Oth 
EDITION 
MODERN DRUG 


ENCYCLOPEDIA 


and Therapeutic Index with monthly supplement MODERN DRUGS 


The only complete reference on new 
as well as established products. 


Quickly answers questions about ethical pharmaceuticals. 


MODERN DRUG ENCYCLOPEDIA, 


8th Edition, an authoritative source of information 
on new and established pharmaceuticals. Gives you 
pertinent facts in concise form. Supplies facts you 
want to know to prescribe the new products with 
confidence. No struggle to keep cumbersome files up 
to date—just one compact bound volume and a 
compact binder for the monthly supplements. 


THE 
PHYSICIAN'S 


MODERN DRUGS 


A monthly supplement, with Robert S. Goodhart, 
M.D. as supervising editor, and John C. Helenore, 
Ph.G. as technical editor, supplies the same complete 
information on new pharmaceuticals as soon as they 
are available on your prescription. A convenient 
binder keeps the 24 issues together. Cumulative in- 
dices in each issue help you find any product listed in 
previous months. 


ORDER 
YOUR 
MODERN DRUG 
ENCYCLOPEDIA 


REFERENCE 
LIBRARY 

IN ONE VOLUME 
KEPT 
UP-TO-DATE 
MONTHLY 


The Reuben H. Donnelley Corp., Publisher 
MODERN DRUG ENCYCLOPEDIA 
466 Lexington Avenue, New York 17, N.Y. 


Enclosed is $17.50* for my 8th Edition of MODERN DRUG ENCYCLOPEDIA and 
LJ Therapeutic Index and the Monthly Supplement—MODERN DRUGS. 


[] Enclosed also is $3.50 for binder for MODERN DRUGS Monthly Supplement. 
For delivery in N.Y.C., please include 3% Sales Tax with remittance. 


Name. 


Address 


City Zone State 


U.S.A. $17.50 Foreign $23.50 (U.S. Currency) 
Please make checks payable to The Reuben H. Donnelley Corporation 
*includes 2-year supplementary service at $5.00 per year ($6.00 Foreign) 
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Your Heart Patien 


and his need for nutrition - without risking fat or excessive calories 


Heart patients need the important nutrition —_ by adding 14 cup extra crystals. This enriched 
of milk. Yet milk’s fat and calories have both nonfat milk is one fourth 
posed problems. richer in calcium, protein, 

Now these twin risks can be removed. and B-vitamins than ordi- 
Carnation Instant Nonfat Dry Milk provides nary nonfat milk. It tastes 
all the protein, calcium, and B-vitamins of delicious, with a richer 
fresh, whole milk with none of the fatandless _— flavor your patients will 
than half the calories. enjoy. And even mixed 25% 

For 25% more of these needed nutrients: over-strength, it costs them 
Carnation Instant can be mixed over-strength — only 12¢ a quart. 


ANOTHER QUALITY PRODUCT OF CARNATION COMPANY, LOS ANGELES 36, CALIFORNIA 
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Hygroton® 


brand of chlorthalidone 


in hypertension 
and edema 


17 days free each month 
from drug 
administration 


just one tablet 
Mon. Wed. Fri. 


The longest-acting by far 

of all the new agents 
introduced for 

hypertension and edema, 
Hygroton provides a 
smoother, less abrupt action 
which is sustained for 

as long as 72 hours...can 
initiate and maintain therapy 
on just 3 doses a week... 
saves the patient over 

¥3 in cost without sacrifice 
of therapeutic benefit. 


Hygroton® Tablets, 
100 mg., bottles of 100. 


Geigy Pharmaceuticals 
Division of 

Geigy Chemical Corporation 
Ardsley, New York 
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Protects the angina patient 
better than vasodilators alone 


Unless the coronary patient's ever-present 
anxiety about his condition can be 
controlled, it can easily induce an 
anginal attack or, in cases of myocardial 
infarction, can delay recovery. 


This is why Miltrate gives better 
protection for the heart than vasodilators 
alone in coronary insufficiency, angina 
pectoris and postmyocardial infarction. 


Miltrate contains PETN (pentaerythritol 
tetranitrate), acknowledged as basic 
therapy for long-acting vasodilation. ... 


REFERENCES: 1. Ellis, L. B. ef al.: Circulation 17:945, May 1958. 
2. Friedlander, H. S.: Am. J. Cardiol. 1:395, Mar. 1958. 8. Riseman, 
J.E.F.: New England J. Med. 261:1017, Nov. 12, 1959. 4. Russek, H. I. 
et al.: Circulation 12:169, Aug. 1955. &. Russek, H. I.: Am. J. Cardiol. 
3:547, April 1959. @. Tortora, A. R.: Delaware M. J. 30:298, Oct. 1958. 
7. Waldman, S. and Pelner, L.: Am. Pract. & Digest Treat. 8:1075, 
July 1957. 

Supplied: Bottles of 50 tablets. Each tablet contains 200 mg. 
Miltown and 10 mg. pentaerythritol tetranitrate. 


Dosage: | or 2 tablets q.i.d. before meals and at bedtime, 


according to individual requirements. CML-3619 
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What is more important—Miltrate provides 
Miltown, a tranquilizer which, unlike 
phenobarbital, relieves tension in the 
apprehensive angina patient without 


inducing daytime fogginess. 


Thus, your patient’s cardiac reserve is 
protected against his fear and concern 
about his condition; his operative arteries 
are dilated to enhance myocardial blood 
supply—and he can carry on normal 
activities more effectively since his mental 
acuity is unimpaired by barbiturates. 


Miltrate 


Miltown® (meprobamate) + PETN 


WALLACE LABORATORIES / Cranbury, N. J. 
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ARMOUR PHARMACEUTICAL COMPANY 
ANNOUNCES THE FIRST SELECTIVE TENSITROPIC 


| am pleased to inform you of the latest development in our Company's continuing research 
for superior chemotherapeutic agents. 


For patients suffering from tension/anxiety states, we are offering the medical profession 
Listica— a new and selectively different monocarbamate. Frankly, we would be hesitant 
about ‘entering a field already crowded with good drugs were it not for the marked 
differences Listica presents. | 


Listica is not ‘just another tranquilizer." We, therefore, call it The First Selective Ten- 
sitropic. Here are the reasons why: 


New Listica allays tension/anxiety in as many as 89% of cases by selectively inhibiting 
~ impulses through internuncial pathways of the central nervous system. However, it does 
not affect the unconditioned response; thus, Listica does not induce apathy or impair acuity. | 


The past three and one-half years of clinical studies have demonstrated ‘the safety and 
| efficacy of Listica in 1,759 patients. There have been no reports of contraindications, 
_ toxicity, habituation or serious side effects. 


: One tablet q.i.d. is adequate dosage to allay tension/anxiety, maintain acuity, and promote 
eunoia *—'‘a normal mental state.” This simple, effective dose remains the same, even 
in maintenance therapy. 


We are sending you samples and published clinical reports on Listica. We will be happy 
to send you a copy of the first “Symposium on Hydroxyphenamate” on request. | believe 
you will find Listica a valuable addition to the arsenal of chemotherapeutics for combatting 


tension /anxiety in your practice. 


Robert A. Hardt, President 


P.S.: Physicians who prefer generic names prescribe “Hydroxyphenamate, Armour. 


LISTICA—Hydroxyphenamate, Armour. ©1961,A.P.CO. | *Stedman’s Medical Dictionary. 
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ANNOUNCING THE FIRST 


Symbols of the Age of Tension/Anxiety 


LISTICA by ARMOUR ailays TENSION/ANXIETY... 


la intai * 
maintains acuity... promotes eunoia™... 


facilitates somatic diagnosis and therapy 
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SELECTIVE TENSITROPIC 


_ lifts the facade of 
TENSION/ANXIETY 


maintains 
normal acuity 


enhances 
physician-patient 
rapport 


without known 
toxicity or 
contraindications 


without serious 
side effects 
or habituation 


with convenient 
dosage and 
availability 


UISTICA—Hydroxyphenamate, Armour. 


LISTICA 


New Listica allays tension /anxiety in as many as 89% of cases, 213 by selectively 
inhibiting impulses through internuncial pathways of the central nervous system. 
Whether the patient’s tension /anxiety is psychosomatic or a complication of 
somatic disorder, Listica reduces or eliminates the excess impulsivity seen in 
tension /anxiety states. 


Unlike many drugs, Listica does not affect unconditioned response or normal 
motor activity. Thus, Listica allays tension and anxiety without inducing apathy 
or impairing acuity; patients are able to pursue normal activities, such as driving, 
reading, writing, etc., without interference from drug therapy. 


As it removes tension/anxiety, fear and frustration, LISTICA PROMOTES EUNOIA*— 
“‘a normal mental state.” It bares the patient's true somatic condition, and facili- 
tates diagnosis and therapy. Patients are more tractable to concomitant drug 
therapy, respond better, faster. 


Listica is safe, as well as effective. Chronic studies" in rats (12 months) and dogs 
(6 months) were free of toxic manifestations at oral dosage levels as high as 200 
mg./kg./day (approximately 10 times the recommended human dosage). No mac- 
roscopic or microscopic changes in tissues, organs or blood indicative of toxicity 
were observed, even at doses up to 320 mg./kg. In humans, there have been no 
adverse blood, urine or cardiac changes; liver profiles were negative, and jaundice 
has not been noted. 


During three and one-half years of clinical study in 1,759 patients,?"25 Listica has 
produced no serious side effects. Less than 4% of patients experienced any side 
effects, and these were invariably minor and transient. Most frequent (38 cases) 
was mild drowsiness, which disappeared after the first few days of Listica therapy. 
Habituation, cumulative effects, or withdrawal symptoms have not been noted, 
even in patients taking Listica as long as two years. 


One Listica tablet, q.i.d., is the recommended dosage. Listica is supplied in bottles 
of 50 tablets on prescription only, by pharmacies everywhere. Each tablet contains 
200 mg. of Hydroxyphenamate, Armour, 


References: 


1Bastian, J. W.: Classification of CNS Drugs by a Mouse Screening Battery. fo be published in Intern. 
Arche. de Pharmacodynamie; 2Hubata, J. A., and Hecht, R. A.: Review of Clinical Use of Hydroxyphena- 
mate (Listica) in 1,759 Patients. To be published in Clinical Medicine; 3Taub, S. J.: Management of 
Anxiety in Allergic Disorders—New Approach. To be published in Psychosomatics; 4Cahn, B.: Experi- 
ence with a New Tranquilizing Agent (Hydroxyphenamate). /bid; 5Davis, O. F.: On Use of Hydroxyphena- 
mate in Anxiety Associated with Somatic Disease. To be published; 6Alexander, L.: Effect of Hydroxyphen- 
amate on Conditional Psychogalvanic Reflex in Man.Supplement to Diseases of the Nervous System, 
Sept., 1961; 7Cahn, B.: Effect of Hydroxyphenamate in Treatment of Mild and Moderate Anxiety States. 
Ibid; 8Cahn, M. M., and Levy, E. J.: Use of Hydroxyphenamate (Listica) in Dermatological Therapy. 
Ibid; 9Eisenberg, B. C.: Amelioration of Allergic Symptoms with a New Tranquilizer Drug (Listica). /bid; 
10Friedman, A. P.: Pharmacological Approach to Treatment of Headache. /bid; ''Greenspan, E. B.: Use 
of Hydroxyphenamate in Some Forms of Cardiovascular Disease. Ibid; 12Gouldman, C., Lunde, F., and 
Davis, J.: Clinical Trial of Hydroxyphenamate in Alcoholic Patients. Ibid ; 13McLaughlin, B. E., Harris, J., 
and Ryan, E.: Double Blind Study Involving ‘‘Listica," Chlordiazepoxide, and “Placebo” as Adjunct to 
Supportive Psychotherapy in Psychiatric Clinic. /bid; ‘4Bastian, J. W.: Pharmacology and Toxicology 
of Hydroxyphenamate. /bid; ‘5Bossinger, C. D.; Chemistry of Hydroxyphenamate. Ibid, 


ARMOUR PHARMACEUTICAL COMPANY, KANKAKEE, ILLINOIS 
Physicians who prefer generic names prescribe ‘‘Hydroxyphenamate, Armour.” 


*Stedman's Medical Dictionary 


© 1961, A.P. CO, 
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New Clinical Findings on a Challenging Subject 
are to be found in the new 


SYMPOSIUM ON DIABETES 


RaAcHMIEL LEVINE, M.D., Guest Editor 


Topics include: 


* The Prediabetic State. A Concept of Dynamic Resistance to a Genetic Diabeto- 
genic Influence 


* Electron Microscopy of the Beta Cell of the Pancreas 
* Adenocarcinoma of the Pancreas in Diabetes-Prone Chinese Hamsters 


* Periodontal Pathology in a Strain of Chinese Hamster, Cricetulus griseus, with 
Hereditary Diabetes Mellitus 


* Comparative Aspects of Spontaneous Diabetes Mellitus in Animals 

* Plasma Insulin in Health and Disease 

* Immunologic Aspects of Insulin 

* The Production of Experimental Diabetes by Means of Insulin Antibodies 
* On Some Biochemical Aspects of Diabetes Mellitus 

* Ketogenesis and Hyperketonemia 

* Critique of the Therapeutic Usefulness of the Oral Agents in Diabetes 


Contributors include: 


_ Srantey S. BerGeEn, Jr., M.p., St. Luke’s Hospital, New York, N. Y. 

Sotomon A. Berson, M.b., Veterans Administration Hospital, Bronz, N. Y. 

M. Micuaet Couen, M.v., Tufts University School of Dental Medicine, Boston, Mass. 
JEROME Conn, M.D., University of Michigan School of Medicine, Ann Arbor, Mich. 
Sreran S. Fasans, M.D., University of Michigan School of Medicine, Ann Arbor, Mich. 
Paut Lacy, mM.p., Washington University, St. Louis, Mo. 

RacuHMIEL LEVINE, M.D., New York Medical College, New York, N. Y. 

ALEXANDER MARBLE, M.D., Joslin Clinic, Boston, Mass. 

Hans Meter, M.v., Jackson Memorial Laboratory, Bar Harbor, Maine 

E. PoEL, m.D., Graduate School of Public Health, Universit of Pittsburgh, Pa. 
_ GERALD SHKLAR, M.D., Tu ifts University School of Dental Medicine, _ 

THEODORE B. VAN ITALLIE, m.D., St. Luke’s Hospital, New York, N. Y. 

PETER WRIGHT, M.D., Northwestern University School of Medicine, Chicago, Til. 
Rosa.yn S. YALow, M.D., Velerans Administration Hospital, Bronz, N. Y. 

GEORGE YERGANIAN, M.D., Boston Children’s Hospital, Boston, Mass. 


The Symposium on Diabetes is scheduled for publication in the Decem- 
ber 1961 issue of the American Journal of Medicine. Subscribe now. 
One year (12 issues), $14.00; Canada, $15.00; Foreign $18.00. 


The American Journal of Medicine 
466 LEXINGTON AVENUE, NEW YORK I7, N. Y. 
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acts directly on 
peripheral arterial walls... 
produces gradual, 
sustained vasodilatation 
without disturbing 


hemodynamics 
CYCLOSPAS VIVE 
in peripheral vascular disease 


Cyclospasmol is more effective in the treatment of 
arteriosclerosis obliterans and for the relief of inter- 
mittent claudication than sympatholytic and adren- 
ergic blocking agents, because it acts directly on the 
arterial musculature. 


m does not produce tachycardia, syncope or hypo- 
tension—may be used with safety in most patients 
having cerebral and coronary vascular diseases. 


m dilates the deeper arteries as well as the superficial 
vessels to improve blood flow to the extremities. 


m orally effective; produces a gradually increasing 
vasodilatation—aids in the healing of trophic leg 
ulcers. 

Dosage: Usual dosage is two tablets (200 mg.) four 
times daily. Dosage range is from one to three tablets, 
q.i.d. Continued therapy and individualized dosage, 
depending upon response, is necessary for maximum 
effectiveness. Supply: 100 mg. tablets, bottles of 100. 


References: 1. Council on Drugs, New and Nonofficial Drugs, 
J.A.M.A. 170:1670; 1959. 2. Leslie, Robert E.: Effects of Cyclan- 
delate (Cyclospasmol®) In Treatment of Circulatory Disturbances, 
Tex. J. Med. 56:352-356, 1960. 3. Popkin, R. J.: Combined 
Vasodilator Therapy in Peripheral Vascular Diseases, J. Am. 
Geriatrics Soc. VIII: 638-643, 1960. 4. Van Wijk, T. W.: Angiology 
4:103, 1953. 5. Gillhespy, R. O.: Brit. M. J. 2:1543, 1957. 6. Gil- 
lhespy, R. O.: Angiology 7:27, 1956. 


Professional literature and samples available on request 


IVES-CAMERON COMPANY 
New York 16, N. Y. 
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The Surgical Masters 


—Their lives and labors—brought to you in a fascinating new work 


Our 
Surgical Heritage 


by D. P. HALL, M.D. 
Surgical Department, University of Louisville, Louisville, Kentucky 


Foreword by Rosert M. M.D. 
Professor and Chairman, Department of Surgery, Ohio State University, Columbus, Ohio 


A collection of warm, penetrating biographical sketches of the Surgical 
Greats of our past. 


This material makes delightful reading, and also provides an appreciation 
and understanding of the historical background of Surgery. Ideal for 
Christmas gift distribution to Residents, Interns and Students or your 
Surgical Colleagues. 


From the Foreword: 


“Surely all would agree that familiarity with surgical history emphasizes 
that our forebears without the benefit of modern science as we think of it 
made observations and devised procedures which have withstood the test of 
time. Their proper names are used in our daily practice to designate a 
disease, a syndrome, an instrument, or a surgical procedure. Such men, 
originating in many countries and oftentimes centuries apart, have ae 
a foundation which makes our care of patients safer and better than ever 
before in the history of mankind. We can hardly read the lives ci those in- 
cluded in this ‘historical gem’ without feeling a challenge to make our own 
contributions.” 


(Our Surgical Heritage originally appeared in The American Journal of 
Surgery. ) 


THE AMERICAN JOURNAL OF SURGERY 
466 LEXINGTON AVENUE, New York 17, N. Y. 


Please send copies of Our Surgical Heritage at $6.00 each. 
(Discount of 25% for quantities of 12 or more copies. ) 


NAME 


(PLEASE PRINT) 
ADDRESS 


ZONE STATE 


City 


| 
| | 
| 
| 
| 
if 
By 
| 
| > 
| 
| 
} 
. : if 
, 
| 
| 
= 
| 
| 
| 
| 
~ 
| 


LYOVAC® 


FIBRINOLYSIN (HUMAN) 
a new agent 
for lysis of 
vascular thrombi 


4 


Phlebothrombosis of femoral and iliac vein, 3 weeks after onset 


Superior vena cava thrombosis (8 hrs. after starting THROMBOLYSIN). 


Phlebothrombosis (8 weeks’ duration in left leg, 6 weeks’ in right). 


Thrombophlebitis of arm, 24 hours after onset. 
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After 6 days’ therapy. 


After 3 days’ therapy. 


LYOVAC® 


FIBRINOLYSIN (HUMAN) 


in thrombophlebitis, phlebothrombosis, 
pulmonary embolism, and 
certain arterial thrombi’, 


LYOVAC® 
THROMBOLYSIN makes possible 


After 6 d ys’ therapy. : * lysis of formed clots 
¢ reduced mortality and morbidity, shortened hospitalization 
¢ reduced incidence of postphlebitic complications 


After 5 days’ therapy. 


with decreased incidence of reactions such as fever, chills, 
or malaise of severe proportions; higher degree of safety; 
greater, more predictable potency. 


Supply: Each bottle contains 50,000 MSD units. 


*See package circular for qualifications concerning cerebrovascular 
accidents and myocardial infarction. 


Before prescribing or administering THROMBOLYSIN, the physician © 
should consult the detailed information on use accompanying 
the package or available on request. 


MERCK SHARP & DOHME 
DIVISION OF MERCK & CO., Inc., WEST POINT, PA. 


LYOVAC AND YSIN ARE OF MERCK & GO., Inc. 
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DRAMATIC 


physical and emotional 
relief in 


ANGINA 
PECTORIS 


‘round-the-clock 
protection against 
both pain and fear 


COROVAS 


Ts —— COROVAS is a nontoxic, uniform- 
acting, long-acting vasodilator to control 


or prevent attacks of angina pectoris. One 
COROVAS Tymcap upon arising provides 
up to 12 hours of continuous coronary 
vasodilation, and another COROVAS 
Tymcap before the evening meal affords 
maximum protection against seizures all 
night. COROVAS alleviates the associated 
fear of pain. Reduces the need for emer- 
gency nitroglycerin. Safe and effective for 
long-term therapy. 


SUPPLIED — Boxes of 60 and 120. 


PROLONGED, SUSTAINED ACTION OF VASODILATING PENTAERYTHRITOL TETRANITRATE 
(PETN) 30 MG., AND SEDATIVE SECOBARBITURIC ACID 50 MG. IN EACH COROVAS TYMCAP. 
As with all nitrates, use with caution in glaucoma. 


AMFRE GRANT, INC. 


Brooklyn 26, N. Y. 
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“., A Strong pressor effect with a myocardial-stim- 
ulating action in experimental studies.”’ “... Tens 
of thousands of intramuscular and subcutaneous 
injections, ... Not @ single instance of tissue in- 


jury was observed,” 


ARAMINE can be administered for pressor effect by any 
route—subcutaneous, direct intravenous, intramuscular, 
intravenous infusion. No slough reported when injected 
into preferred vein of arm. Minimal risk of causing 
arrhythmias. 

Onset of action (intravenous): 1 to 2 minutes. 

ARAMINE is always ready for immediate use—no dilution 
needed. 

ARAMINE is also valuable in shock accompanying ana- 
phylaxis, brain damage, infectious disease, hemorrhage, 


surgery, trauma. 

Supplied: In 1-cc. ampuls and 10-cc. vials (10 mg. metaraminol present as the bitartrate per cc.). 
ARAMINE is a trademark of Merck & Co., INC. 

Additional information is available to physicians on request. 

1. Selzer, A., and Rytand, D. A.: COUNCIL ON DRUGS, Report to the Council, J.A.M.A. 168:762, 
(Oct. 11) 1958, 

2. Weil, M. H.: J.A.M.A. 171:1868, (Nov. 28) 1959. 


€p MERCK SHARP & DOHME, Division of Merck & Co., INC., West Point, Pa, 
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Developed 


in cooperation with a 


Dr. K. William Edmark, Surgeon, 
Seattle, Washington 


the complete Cardiac Monitor and 
Control instrument for your Patients! 


The new AO Cardiometer combines four instruments within a single, compact unit: Cardiotachometer, 
Cardioscope, Automatic Pacemaker and Continuous Internal-External Pacemaker. This practical combi- 
nation of functions gives the surgeon, anesthesiologist or clinician the most complete visual and 
audible cardiac control of the patient, plus the necessary expedient automatic resuscitative action at 
the moment of cardiac arrest. Here are some of the many outstanding features offered by this 
exceptional instrument: 

DUAL ALARM SYSTEM can be preset to sound at minimum and maximum tolerances to 

warn of asystole, tachycardia, flutter and fibrillation. 


EKG ON BUILT-IN OSCILLOSCOPE allows continuous observation of the QRS Complex 

. . . gives simultaneous display of pace signal when patient is under pacemaker control. 

DIRECT HEART-RATE READOUT in beats per minute is registered on large easy-to-see dial. 
The AO Cardiometer is a proved instrument, used for constant cardiac monitoring in more than 400 


cases of major thoracic and abdominal surgery. You will find this instrument to be worthy of your 
utmost confidence. Why not arrange for a demonstration of the AO Cardiometer as soon as possible? 


American Ws) Optical ass arrange demonstration of AO Cardiometer. 7 
! INSTRUMENT DIVISION, BUFFALO 15, NEW YORK Address ae cipeietrtnnimeenes.” 
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Advertisers’ Product Index 


November, 1961 


Abbott Laboratories 
Enduron*/Enduronyl* 


American Cystoscope Makers, Inc. 


American Optical Company 

Amfre-Grant, Inc. 

Armour Pharmaceutical Company 

Beck-Lee Corporation 

22 
Best F oods, Div. Corn Products Company 

Mazola Margarine/Oil.............. 34-35 
Burroughs Wellcome & Co. (U.S.A.), Inc. 

Carnation Company 

Cereal Institute, Inc. 

Endo Laboratories 

Geigy Pharmaceuticals, Div. Geigy 
Chemical Corporation 

Sintrom*/Tromexan*................ 21 
Hyland Laboratories, Inc. 

Ives-Cameron Company 


Lakeside Laboratories 

Thos. Leeming & Co., Inc. 

Eli Lilly & Company 

Merck Sharp & Dohme, Div. Merck & 
Co., Inc. 

32-33 

Minneapolis Honeywell 

Electronic Medical Equipment......... 39 
Procter & Gamble Co. 


Riker Laboratories, Inc. 


Rauwiloid* Fourth Ccver 


Roche Laboratories, Div. of Hoffmann- 
La Roche, Inc. 


J. B. Roerig & Co., Div. Chas. Pfizer 
& Co., Inc. 

Sanborn Company 

Optical Oscillographs................ 4 
Schering Corporation 

G. D. Searle & Co. 


(Continued on next page) 


*Complete description of starred drugs will be found in 
MODERN DRUGS and THE MODERN DRUG ENCYCLOPEDIA 
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E. R. Squibb & Sons, Div. Mathieson Wallace Laboratories 


Warner-Chilcott Laboratories 


Telemedics Inc., Subsidiary Vector 8 


Manufacturing Company, Inc. ’ : 
Winthrop Laboratories 


Radio-Electrocardiograph............. 37 
Charles C Thomas, Publisher Wyeth Laboratories 
Walker Laboratories, Inc. Wynn Pharmacal Corporation 


New York 

P. D. Brewer, R. P. Davis 
L. F. LeJacq, J. S. Richards 
Telephone ORegon 9-4000 


San Francisco 
Blanchard-Nichols Associates 
Telephone YUkon 6-6341 


*Complete description of starred drugs will be found in 
MODERN DRUGS and THE MODERN DRUG ENCYCLOPEDIA 


ADVERTISING REPRESENTATIVES 


60 


Chicago 
R. H. Andrew, C. P. Haffner 
Telephone WAbash 2-7738 


Los Angeles 
Blanchard-Nichols Associates 
Telephone TRemont 8-1935 
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HOW 
CARTRAX 
OFFERS 
BETTER PROTECTION 
AGAINST ANGINA PECTORIS 
THAN VASODILATORS 
ALONE: 


TARAX* 
DOWN 
CORONARY 
_ DEMAND DUE TO 


TENSION AND 
ANXIETY 


TOGETHER—IN CARTRAX... 


they decrease “length, severity, and amount of angina pectoris” in 
anxious Cardiacs.! 


Give your angina patient better protection by balancing supply and 
demand...with CARTRAX. 


note: Should be given with caution in glaucoma. 


dosage: Begin with 1 to 2 yellow CARTRAX “10” tablets (10 mg. PETN plus 

10 mg. Atarax) 3 to 4 times daily. When indicated, this may be increased by 

_ switching to pink CARTRAX “20” tablets (20 mg. PETN plus 10 mg. Atarax). 
For convenience, write “CARTRAX 10” or “CARTRAX 20.” 

Supplied in bottles of 100. Prescription only. 


1. Clark, T. E., and Jochem, G. G.: Angiology 11:361 (Aug.) 1960. 
*brand of hydroxyzine **pentaerythritol tetranitrate 


New York 17, N.Y. 
Division, Chas. Pfizer & Co., Inc. 
Science for the World’s Well-Being® 
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of a series reporting on Endo 
Laboratories’ Anticoagulant Survey 


Nationwide Survey Explores Current Use 
of Anticoagulants in Cerebrovascular Disease 


It has been estimated that there are 2,000,000 people 
suffering from vascular disease of the brain in the 
United States,’ and that each year at least 500,000 


As reported in previous numbers of this series, Endo Lab- 
oratories received replies to its comprehensive Anticoagu- 
lant Survey from a total of 10,016 physicians across the 
nation. Among the questions asked were— Are you now 
using oral anticoagulants for cerebral thromboembolism, 
cerebral arteriosclerosis, or “little strokes’ —therapeutically, 
prophylactically ? Without regard to the anticoagulant 
chosen, 14.4% of physicians reported use of oral anticoagu- 
lation in therapy of cerebral arteriosclerosis, 27.9% in little 
strokes, and 46.9% in cerebral thromboembolism. Antico- 
agulation was used prophylactically as follows: 10% in cere- 
bral arteriosclerosis, 16.8% in little strokes, and 21.2% in 
cerebral thromboembolism. 


Comparison of usage was also made among the 61.4% of 
reporting physicians prescribing Coumadin® most often and 
the 27.6% using Dicumarol®. (The remainder used indan- 
diones [1.9%] and other anticoagulants.) The following 
graph shows the application of the leading anticoagulants 
therapeutically in cerebrovascular disease: 
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Thromboembolism 


Cerebral 
Arteriosclerosis 
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General Practitioners 


Specialists 


Coumadin® 
(warfarin sodium) 


Dicumarol ® 
(bishydroxycoumarin) 


Physicians Using Oral Anticoagulation Therapeutically 
in Cerebrovascular Disease 


Sper.alists Lead in Therapeutic Application 

of Anticoagulants 

The analysis of the data presented in this survey indicates 
that 57% of the cardiologists and internists prescribing 
Coumadin—the most frequently prescribed oral anticoagu- 
lant—and 42% of the general practitioners used the drug 
therapeutically in cerebral thromboembolic disease. It is 
also noteworthy that 39% of the specialists used Coumadin 


in therapy of “little strokes” as compared with 22% of the 


Another professional service of Endo Laboratories—makers of 
COUMADIN® 
the proven anticoagulant for long-term maintenance 
FOR ORAL, INTRAVENOUS OR INTRAMUSCULAR USE 


Endo Laboratories Inc., 1961 


persons are incapacitated by some kind of cerebral 
accident.’ With the advancing age of our population, 
this problem is likely to increase. 


general practitioners. Less frequent was its use as part of 
the therapy of cerebral arteriosclerosis—18% among the 
specialists and 12% among the general practitioners. 


Anticoagulation was used less often for prophylaxis than 
for therapy of cerebral thromboembolism, little strokes, or 
cerebral arteriosclerosis, as shown in the following graph: 
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General Practitioners Specialists 


Dicumarol® 
(bishydroxycoumarin) 


Coumadin® 
(warfarin sodium) 


Physicians Using Oral Anticoagulation Prophylactically 
in Cerebrovascular Disease 


Indications According to Recent Clinical Reports 


Clinical experience emphasizes the need for careful diagnosis 
and patient selection before using anticoagulants in cerebral 
vascular disorders. Authorities are generally agreed that anti- 
coagulants help to minimize the occurrence of attacks in pa- 
tients with transient ischemic episodes,3-6 which are “far more 
common than was previously suspected.” In addition, anti- 
coagulation is advocated in the slowly evolving stroke,5-’ i.e., 
“slow-onset” infarction. Evidence in cases of cerebral embolism 
indicates that anticoagulants may reduce the mortality rate. In 
patients with completed cerebral infarction, the findings of 
Thomes? indicate that long-term anticoagulant therapy may be 
valuable in minimizing recurrences and mortality rate. His re- 
sults also suggest that “there is no time when it becomes safe 
to discontinue anticoagulant therapy.”® Since the source of 
cerebral dysfunction may lie in occlusive disease of the carotid 
arteries in the neck, cerebral angiography is recommended as 
a valuable means of establishing the diagnosis.!? 


Physicians choosing Coumadin for anticoagulation have re- 
portedly done so (see No. 1 of this series) because of its pre- 
dictable effect, ease of maintenance, and single daily dose 
which permit a smoother, more convenient, and less hazardous 
anticoagulant regimen. 

1. Meyer, J. S.: Am. J. Med. 30:577, 1961. 2. Kuhn, R. A.: Current M. Digest 
28:51, 1961. 3. Groch, S. N., and Wright, |. S.: Circulation 23:458, 1961. 
4. Siekert, R. G.; Millikan, C. H., and Whisnant, J. P.: J.A.M.A. 176:19, 1961. 
5. Carter, A. B.: Neurology 11:601, 1961. 6. Marshall, J.: Ibid. 11:139, 1961. 


7. Groch, S. N.: Ibid., p. 141. 8. Thomes, A. B.: Minnesota Med. 42:1587, 1959. 


Coumadin (warfarin sodium) is manufactured under license from 
the Wisconsin Alumni Research Foundation, and is supplied as 
scored tablets of 2 mg., lavender; 2'/2 mg., orange; 5 mg., peach; 
7/2 mg., yellow; 10 mg., white; and 25 mg., red, as well as in 50 mg. 
and 75 mg. single-injection units. 


ENDO LABORATORIES 
indo Richmond Hill 18, New York 
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“In a controlled clinical study of 260 postcoronary 
patients, one-half were given sublingual heparin and 
one-half received conventional treatment. During 
the period of observation, averaging more than 2 
years per patient, there were 12 recurrent infarctions 
in the heparin-treated group and 38 in the control 


group. This difference is statistically significant.” 
Fuller, H. L.: Angiology 7/:200 (June) 1960. 


_ Simple and safe for long-term therapy, Clarin* (sublingual heparin) effectively con- 


trols the prolonged postprandial lipemia associated with atherosclerosis by facilitating 
the normal physiologic breakdown of fats. Unlike parenteral heparin, the use of Clarin 
requires no clotting-time or prothrombin determinations. The antilipemic activity of 
each manufactured lot of tablets is confirmed by sublingual control tests in animals. 


Indication: For the management of hyperlipemia 
associated with atherosclerosis, especially in the 
postcoronary patient. Dosage: After each meal, 
hold one tablet under the tongue until dissolved. 


Supplied: Bottles of 50 pink, sublingual tablets, 
each containing 1500 I.U. heparin potassium. c ir 4 n 
An informative booklet, “Hyperlipemia, Heparin 
and Management of the Postcoronary Patient,” (sublingual heparin potassium, Leeming) 
is available from Thos. Leeming & Co., Inc., 
155 East 44th St., New York 17, N. Y. 


“Registered trade mark. Patent applied for. 
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LANE LIBRARY 


Rauwiloid 


alseroxylon, 2 mg. 


is still unexcelled 


Rauwiloid is an original development ot [Ried Northridge, 


California 
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